THE  FAILURE  OF 
“FACT-FINDING” 


The  President  has  asked  Congress  to  grant  him 
authority  to  appoint  fact-finding  boards  to  deal 
with  nationally  important  labor  disputes.  Most  citi¬ 
zens  would  like  to  see  some  reasonable  and  objective 
solution  of  the  industrial  strife  that  now  is  disrupting 
reconversion.  Unfortunately,  the  record  of  the  “fact¬ 
finding”  procedure  indicates  that  any  claim  of  impartial¬ 
ity  for  this  process  is  a  gross  misrepresentation. 

The  Administration  bill  would  authorize  the  President 
to  appoint  such  boards  in  cases  certified  to  him  by  the 
Secretary  of  Labor.  Each  board  would  report  to  the 
President  “its  findings  of  fact  and  such  recommendations 
concerning  the  dispute  as  the  board  deems  appropriate.” 
Its  facihties  and  staff  would  be  provided  by  the  Secre¬ 
tary  of  Labor.  The  bill  provides  for  an  interval  of  not 
more  than  30  days  known  as  a  waiting  or  “cooling  off” 
period  during  which  it  would  be  “unlawful”  (though 
no  penalties  are  specified)  for  anyone  to  promote  or 
encourage  work  stoppages. 

Because  the  Administration  did  not  wait  for  Congres¬ 
sional  action  upon  its  proposal,  but  appointed  a  number 
of  fact-finding  bodies  to  deal  with  current  emergency 
cases,  we  have  been  afforded  at  least  a  partial  preview 
of  how  the  procedure  may  be  expected  to  work  out  if 
laws  establishing  it  are  passed. 

If  the  reports  handed  down  by  the  fact-finding  panels 
in  the  General  Motors  and  oil  disputes  may  be  regarded 
as  representative,  it  can  be  stated  conclusively  that 
Government-appointed  “fact-finding”  boards  will  con¬ 
cern  themselves  to  only  a  minor  degree  with  the  estab¬ 
lishing  of  facts.  A  far  greater  share  of  their  effort  will 
be  concerned  with  the  speculative  business  of  forecast¬ 
ing  future  output  and  production  efficiency  and  apprais¬ 
ing  the  “ability  to  pay”  of  the  companies  involved.  But 
the  predominant  emphasis  will  be  placed  upon  framing 
recommendations  for  settling  the  disputes  in  line  with 
announced  Government  wage-price  policy. 

In  short,  the  procedure  essentially  will  be  one  of  reg¬ 
istering  with  the  public  a  government  opinion  as  to 
how  far  wages  may  be  raised  in  the  cases  at  issue  with¬ 
out  raising  price  ceilings.  Both  the  General  Motors  and 
the  Oil  Panels  stated,  in  quite  explicit  terms,  that  this 
was  their  conception  of  the  job  assigned  them. 

I 

'Tact-Finding”  in  Auto  and  Oil  Disputes 

As  the  General  Motors  Panel  phrased  it:  “This  board 
subscribes  to,  and  has  been  guided  by,  the  national 
wage-price  policy”  —  which  it  summarizes  as  calling  for 
wage  increases  to  maintain  take-home  pay  at  wartime 
levels,  to  the  degree  possible  without  inflationary  price 
rises. 

The  Oil  Panel  was  even  more  forthright  in  the  state¬ 
ment  of  what  it  was  supposed  to  do.  “In  the  judgment 
of  the  panel,”  it  declared,  “the  earnings  of  the  workers 
must  be  as  high  as  is  consistent  with  both  the  mainte¬ 


nance  of  the  stability  of  the  price  structure  and  the  * 
provision  for  reasonable  returns  to  the  owners  of  indus¬ 
try.”  In  other  words,  prices  and  the  return  to  investors 
are  to  remain  fixed,  with  labor  entitled  to  an  ever- 
increasing  return  up  to  the  limit  of  what  the  traffic 
will  bear. 

Having  thus  outlined  their  respective  conceptions  of 
the  job,  each  panel  proceeded  to  carry  out  its  mission. 

The  Automobile  Panel  recommended  that  General 
Motors  increase  its  basic  hourly  wage  rates  by  19 
cents,  which  amounts  to  about  a  17^  per  cent  increase 
on  the  company’s  average  hourly  wage  of  $1.12.  The  Oil 
Panel  recommended  an  18  per  cent  increase  in  basic 
hourly  wage  rates,  or  an  additional  21  cents  to  the 
average  wage  rate  of  $1.20. 

The  General  Motors  recommendation  was  based  al¬ 
most  exclusively  upon  the  Panel’s  calculation  that  a  19^ 
cent  raise  would  keep  weekly  take-home  pay  equal  to 
that  earned  in  1944  when  the  work-week  averaged  45.6 
hours.  The  calculation  turned  on  an  estimate  of  what 
the  effective  work- week  was  likely  to  be  in  1946. 

The  Oil  Panel’s  recommendation  appears  to  have  been 
based  on  a  more  complex  but  no  more  conclusive  ac- 
coimting.  After  calculating  that  the  maintenance  of  July 
1945  take-home  pay  after  40-hour  shifts  were  restored 
would  require  a  22  per  cent  increase  in  straight-time 
hourly  wages,  it  recommended  that  an  18  per  cent  in¬ 
crease  be  made.  It  accounted  for  9%  per  cent  of  this 
by  noting  that  this  was  needed  to  cover  cost-of-living 
rises,  and  explained  that  the  rest  was  justified  by  a 
combination  of  factors  including  loss  of  premium  over¬ 
time  pay,  higher  productivity,  and  settlements  already 
negotiated.  Since  the  Panel  gave  no  indication  of  the 
weight  given  to  these  several  factors,  it  may  not  be 
unfair  to  assume  that  the  last-named  was  given  pre¬ 
ponderant  importance,  since  18  per  cent  was  the  increase 
already  granted  in  collective  bargaining  by  Sinclair  and 
certain  other  oil  companies. 

Higher  Pay  Without  Higher  Prices 

Both  panels  stated  that  the  pay  increases  recom¬ 
mended  could  be  met  without  raising  price  ceilings,  but 
neither  documents  its  case  on  this  score  with  very 
conclusive  “facts”. 

The  Oil  Panel  confined  its  observations  on  this  ac- 
coimt  to  the  statements  that  only  one  company  in  its 
group  had  pleaded  “inabihty  to  pay**  and  that  the 
industry  was  in  a  generally  profitable  position  during 
1943  and  1944. 

The  Automotive  Panel  stated  that,  imder  a  number 
of  assumptions  about  the  1946  operations  of  General 
Motors  which  it  believed  to  be  valid,  the  Company 
would  have  higher  earnings  than  it  had  in  1941,  its 
previous  record  year.  It  specifically  stated  that  its 
findings  in  the  case  were  not  applicable  outside  the 


automobile  industry,  but  it  recognized  that  the  General 
Motors  settlement  would  more  or  less  determine  the 
settlements  of  other  automotive  companies.  It  stated  that 
it  had  not  been  able  to  arrive  at  a  clear  conviction  as 
to  the  ability  of  other  auto  makers  to  pay  similar  wage 
advances,  but  it  dismissed  the  issue  by  observing  that 
they  could  expect  to  operate  at  full  capacity  in  1946,  and 
that  this  should  provide  savings  to  offset  the  increased 
wage  expenditures. 

From  the  management  point  of  view,  one  of  the  most 
serious  limitations  in  the  panels’  procedure  was  their  fail¬ 
ure  to  deal  with  any  of  the  Company  claims  put  forward.  In 
ordinary  collective  bargaining  the  demands  of  both  sides 
are  advanced  and  concessions  in  one  direction  are  traded 
for  concessions  in  the  other.  Here,  although  the  compa¬ 
nies  involved  had  insisted  upon  their  need  for  guaran¬ 
tees  against  contract  violations  and  wild-cat  strikes,  and 
for  other  imion  concessions,  nothing  but  the  wage  issue 
was  considered  by  the  ’‘fact-finding”  bodies.  Tbe  Gen¬ 
eral  Motors  Panel  specifically  recommended  that  the 
wage  increase  of  19%  cents  be  granted,  but  that  other¬ 
wise  “the  status  quo  prevailing  before  the  strike  be 
restored  by  the  reinstatement  of  the  1945  contract  be¬ 
tween  the  parties.”  Handled  thus,  fact-finding  becomes 
indeed  a  wholly  one-sided  exercise. 

Both  panels  accepted,  quite  uncritically,  the  general 
position  taken  by  Government  spokesmen  that  wage 
increases  are  inflationary  only  if  they  are  directly  trans¬ 
lated  into  price  advances.  It  should  be  obvious  that  all 
wage  increases  add  to  the  inflationary  pressure,  if  made 
at  a  time  like  the  present  when  consumer  purchasing 
power  far  outstrips  the  volume  of  goods  and  services 
available  to  satisfy  it. 

“Fact-Finding”  Dodged  in  Steel  and  Rails 

It  is  ironic,  too,  that  even  vdiile  the  Automotive  and 
Oil  Panel  groups  were  holding  the  “government  polic3r” 
line,  the  President  and  his  Reconversion  and  Stabiliza¬ 
tion  Directors  were  busily  at  work  trying  to  dent  it  In 
the  steel  dispute,  although  price  rises  in  this  industry 
have  a  x>&rticularly  sharp  inter-industry  impact,  hear¬ 
ings  by  the  appointed  fact-finding  board  were  deferred 
while  negotiations  were  carried  forward  by  the  Presi¬ 
dent  and  his  advisors  under  which  the  industry  was 
offered  a  price  increase  of  approximately  $4.00  a  ton  on 
condition  that  U.  S.  Steel  and  the  United  Steelworkers 
agree  upon  a  mutually  acceptable  wage  boost.  It  is  hard 
to  avoid  the  cynical  conclusion  that  wage  increases 
constitute  the  major  administration  policy,  and  that  the 
principle  of  not  translating  them  into  increased  prices 
is  sacred  only  in  those  cases  vdiere  there  can  be  some 
reasonably  plausible  shovnng  that  wages  may  be  raised 
without  price  advances. 

Much  the.  same  general  conclusion  —  that  tiie  “fectsi” 
are  controlling  only  if  they  support  a  substantial  wage 
increase  —  is  sustained  by  the  history  of  the  administra¬ 
tion  of  the  Railway  Labor  Act  of  1926,  oftoi  cited  as  a 
Rowing  example  of  how  “fact-finding”  by  so-called 
Emergency  Boards  of  Presidential  appointees  has  served 
to  prevent  strikes  on  the  railroads.  It  is  true  that  reports 


of  almost  all  of  the  31  Emergency  Boards  appointed  to 
look  into  threatened  railway  strikes  in  the  20  years 
since  the  act  was  passed  have  provided  the  basis  for  a 
settlement  of  the  disputes  in  question.  The  hurt  ~  a  real 
fact  —  remains,  that  in  1941  and  again  two  years  later 
the  wage  adjustments  found  appropriate  by  Emergency 
Boards  in  major  railway  labor  disputes  were  revised 
upwards  at  the  White  House  after  the  unions  involved 
rejected  them  as  unsatisfactory  and  threatened  to  strike. 
The  second  upward  revision  was  made  after  government 
seizure  of  the  railroads  to  prevent  a  national  transporta¬ 
tion  tie-up.  When  the  “facts”  did  not  indicate  a  large 
enough  wage  increase  to  satisfy  the  union  and  the  Ad¬ 
ministration,  the  “facts”  went  out  the  window. 

It  would  be  irre^>onsible  to  deny  the  importance  of 
finding  some  tenable  solution  of  current  disputes  that 
threaten  to  completely  disrupt  the  reconversion  process. 
But  upon  the  evid«ice  of  experience,  “fact-finding” 
boards  cannot  be  expected  to  operate  according  to  the 
common  conception  of  their  function  —  as  agencies  de¬ 
signed  to  sift  out  for  the  public  an  objective  and  signifi¬ 
cant  weighing  of  the  facts  behind  conflicting  claims. 

Without  Principles  Facts  Mean  Little 

Facts,  if  they  are  assembled  upon  a  sufficiently  parti¬ 
san  basis,  can  be  made  to  document  almost  any  case 
one  wishes  to  establish.  The  major  difficulty  in  mar¬ 
shalling  facts  to  resolve  wage  disputes  is  that  there  are 
no  agreed-upon  principles  to  determine  the  levels  at 
which  wages  should  ^  set  In  the  absence  of  such 
principles,  it  is  inevitable  that  “fact-finding”  boards, 
appointed  by  the  Administration,  manned  largely  by 
those  who  h^ped  develop  and  administer  Administration 
wage  policies,  and  depending  for  technical  assistance 
upon  Administration  Dep>artments,  will  serve  merely  to 
implement  Administration  wage  policy. 

If  Government  means  .to  reassert  its  wartime  authority 
to  fix  wages  — an  objective  specifically  disavowed  by 
file  Presid^t  and  se^ningly  wanted  by  no  one  —  it 
should  accept  the  re^xinsibility  directly,  rather  than 
<^)erate  to  that  end  through  “fact-finding”  boards  which 
are  independent  in  theory,  but  which  cannot  be  so 
in  fact 

Hie  failure  of  the  brandy  of  “fact-finding”  now  urged 
upon  Congress  by  the  Presid^t  is  evident  Therefore, 
we  must  look  for  a  solution  al<mg  other  lines. 

What  is  needed  is  for  labor  and  management  to  agree 
upon  the  principles  that  should  govern  the  determina- 
tion  of  wages  under  free  collective  bargaining.  When 
such  agre^n^t  is  reached,  ihen.  and  only  then,  can 
fact-finding  become  an  objective  and  useful  instrument 
for  settling  wage  disputes. 
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The  Eimac  Multi-Unit  triode  3-300A2  pictured  above 
is  a  radically  improved  version  of  the  original  304TL 
which  has  been  establishing  outstanding  performance 
records  for  a  number  of  years  in  both  civilian  and 
military  equipment. 

The  use  of  Eimac  developed,  non-emitting  grids, 
contributes  greatly  to  its  already  high  stability,  effi¬ 
ciency  and  long  life,  and  the  new  type  plates  enable  it 
to  operate  at  much  lower  temperatures. 

One  of  its  outstanding  characteristics  is  its  ability  to 
handle  high  current  at  relatively  low  voltages.  For 
example:  as  a  class-C  amplifier  the  Eimac  3-300A2  will 
handle  1200  watts  plate  input  with  only  2000  volts  on 
the  plate.  Under  these  conditions,  the  tube  will  deliver 
a  power  output  of  900  watts,  with  a  driving  power  of 
only  36  watts.  The  chart  at  right  shows  driving  power 
requirements  vs.  power  output.  The  symbols  Pp  indi¬ 
cate  plate  dissipation.  Further  information  will  be 
promptly  supplied  without  cost  or  obligation. 


ELECTRICAL  CHARACTERISTICS 

Filamtnt:  Thoriatad  tungtfan 

Voltag# . 5.0  or  10.0  volts 

Currant . 25.0  or  12.5  amptres 

Amplification  Factor  (Average) .  12 

Direct  Interelectrode  Capacitances  (Average) 

Grid-Plate . 9.1  uuf 

Grid-Filament . 8.5  uuf 

Plate-Filament . 0.6  uuf 

Transconductance(1b=1.0amp.,  Eb  =  3000,  ec=— 200)  16,700umhos 


CAUTION  I  Look  for  the  latest  serial  numbers  on  Eimac  Tubes.  Be  sure  you  get  the  newest  types. 


MALLORY 
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rf’S  IMPORTANT,  of  course,  that  you  can  depend  on  Mallory  for 
a  wide  variety  of  precision  products — the  best  products  of  their  kind 
that  money  can  buy.  But  it’s  equally  important  that  Mallory  supports 
these  products  with  the  finest  technical  literature — literature  that  helps 
engineers  find  practical  solutions  to  some  of  their  toughest  problems. 

Illustrated  on  this  page  are  six  of  eighteen  Mallory  technical  helps. 
Each  is  written  by  engineer- writers  with  engineer-readers  in  mind — 
without  ballyhoo.  Each  is  the  product  of  accumulated  know-how  that 
frequently  dates  back  over  a  quarter  of  a  century. 

If  you  make  use  of  any  of  these  Mallory  products — capacitors,  contacts, 
rectifiers,  resistors,  resistance  welding  equipment,  switches,  vibrators — 
then  this  *^service  beyond  the  sale”  is  meant  especially  for  you!  Ask 
your  Mallory  representative  to  make  up  a  publications  portfolio  of 
special  interest.  If  you  want  engineering  data  on  a  particular  product, 
write  direct  on  your  company  letterhead. 

Amonft  other  Mallory  publications  available  to  you  are  the  Approved  Preciaion  Products  Catalof. 
Electrical  Contact  CUtalog,  Electrical  Contact  Data  Book,  Capacitor  Cataloit,  AC  Capacitor 
Data  Folder,  Grid  Bias  Cells  Data  Folder,  Heavy  Duty  Rectifier  Catalog,  RN  Resistor  Data 
Folder,  Radio  Interference  Eliminator  Folder,  Radio  Service  Encyclopedia,  Resistance  Welding 
Catalog,  Resistance  W'elding  Data  Book,  RL  and  RS  Data  Folders,  Swittdi  Data  Book  (in  prep¬ 
aration),  Technical  Manual,  Replacement  Vibrator  Guide,  Vibrator  Engineering  Data  Folder. 
Vibrator  Data  Book  (in  preparation). 
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Pthruary  1946  —  ELECTRONICS 


►  TELEVISION  .  .  .  The  “progress  report"  on  tele¬ 
vision  given  by  RCA  engineers  at  the  Princeton  lab¬ 
oratories  in  December  indicated  definitely  that  tele¬ 
vision  no  longer  lurks  around  an  ever-receding  corner. 
On  the  contrary,  the  road  looks  wide  and  straight.  All 
that  is  needed  is  something  to  ride  in  and  some  place 
to  go.  To  delay  for  further,  more  perfect,  develop¬ 
ments  will  only  rob  us  of  the  pleasures  of  looking-in 
while  we  wait  for  omnipotent  scientists  and  engineers 
to  produce  new  magic — which  they  w'ill  do  whether  we 
wait  or  not. 

Newspaper  men  witnessing  the  demonstrations  of 
direct-viewing  and  projection  black-and-white  receiv¬ 
ers  and  a  laboratory  color  setup  seemed  more  con- 
:  cerned  about  the  bogyman  of  obsolescence  than  with 
the  fact  that  television  is  at  last  ready  for  the  home. 
The  positive  fact  is  that  black-and-white  television 
sets  soon  to  go  into  production  exhibit  pictures  which 
are  far  brighter,  have  better  contrast  and  seem  more 
detailed  than  was  possible  at  the  beginning  of  the  war. 
The  pictures  can  be  viewed  with  pleasure  without 
turning  out  the  house  lights.  Future  progress  in 
black-and-white  must  be  in  small  degrees  and  probably 
will  be  confined  largely  to  projection  systems. 

The  question  of  obsolescence  needs  definition.  For 
example  a  projection  receiver  makes  it  possible  for 
more  people  to  view  a  given  receiver  or  for  the  same 
number  to  look  at  it  from  a  greater  distance.  Psycho¬ 
logically,  of  course,  a  big  picture  is  more  impressive 
than  a  small  picture — ^but  technically  there  is  the  same 
information  as  exists  in  the  smaller  image,  the  only 
difference  being  that  this  information  is  spread  over  a 
larger  area. 

Projection  systems  with  their  bigger  pictures  will 
not  make  direct-viewing  sets  unworkable. 

The  $64  question  is  whether  color  makes  black-and- 
white  obsolete?  It  will  do  so  only  if  black-and-white 
transmission  is  to  cease  when  color  is  ready.  The  only 
possible  precedent  for  such  a  drastic  action  is  that  of 
f-m  where  numerous  receivers  will  become  unworkable 


when  the  transmitters  move  to  their  newly  assigned 
bands.  But  in  this  case  there  had  been  no  continuous 
production  of  receivers  and  the  transmissions  them¬ 
selves  have  been  conducted  with  a  left-handed  en¬ 
thusiasm  since  we  got  into  the  war. 

There  is  no  doubt  about  the  impact  of  color  televi¬ 
sion  on  those  who  see  it  for  the  first  time.  In  adolescent 
language  it  is  “terrific."  But  to  make  this  impres¬ 
sion,  special  shows  are  necessary.  The  fun-of-mine 
productions  are  not  worth  the  difference,  and  in  fact 
the  emotional  appeal  of  a  good  drama  can  easily  be 
ruined  by  the  distraction  of  color.  So  drab  is  our  aver¬ 
age  life  that  color  must  be  sought  and  invented.  And 
no  matter  how  desirable  color  is,  it  is  not  necessary. 
The  advantage  of  adding  it  is  nothing  compared  to  the 
difference  between  television  in  black-and-white  and 
no  television  at  all. 

Americans  are  adventurous  and  i^s  a  guess  that  the 
public  will  be  quite  willing  to  take  the  chance  that  color 
will  make  television  vastly  superior  at  some  future  date 
and  that  when  such  a  happy  event  occurs,  they  will 
be  willing  to  unload  their  existing  sets  for  something 
incomparably  superior.  It  is  another  guess  that  they 
would  prefer  this  to  waiting  around  for  another  year 
or  two  or  five  for  the  millenium  to  arrive. 


►  RESOLUTIONS  .  .  .  Mr.  Petrillo’s  dictum  that 
broadcasters  shall  no  longer  transmit  to  American 
listeners  music  originating  in  foreign  lands  leads  one 
to  wonder  if  he  will  ultimately  get  around  to  prohibit¬ 
ing  radio  set  manufacturers  from  putting  short-wave 
bands  on  their  sets  or  if  he  will  ask  American  listeners 
to  refrain  from  picking  up  the  BBC  symphony  or  the 
rumba  from  South  America  or  drinking  or  marching 
songs  from  Germany  or  a  little  bit  of  yodeling  from 
Berne.  If  such  a  request  were  made  it  is  remotely  pos¬ 
sible  that  the  good  old  American  listener  will  make  up 
his  New  Year’s  resolution  to  listen  when  and  where 
and  to  what  he  damn  pleases. 


The  resnatron  is  a  high-power 
uhf  oscillator-amplifier  tetrode, 
developed  during  the  war  as  a  source 
of  continuous-wave  r-f  energy  to 
jam  German  airborne  radars  op¬ 
erating  in  the  neighborhood  of  500 
me.  The  resnatron  tube  combines 
several  techniques  which  have  been 
used  in  other  tubes,  such  as  self- 
contained  resonant  cavities,  electron 
bunching,  beam-forming,  and  the  in¬ 
troduction  of  phase  shift  between 
grid  and  plate  oscillating  circuits  to 
compensate  for  transit  time.  Yet  it 
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tube  can  be  modulated  in  frequency 
or  amplitude,  and  it  can  operate  as  a 
power  amplifier  with  about  10  times 
power  gain.  In  one  power  run  of 
remains  a  tetrode  in  basic  design,  eight  hours  duration  the  tube  de- 
with  a  clearly  defined  cathode,  con-  veloped  85  kw,  c-w,  at  600  me.  Water 
trol  grid,  screen  grid,  and  anode.  cooling  is  required  to  carry  away 
The  tube  can  generate,  on  a  con-  heat  liberated  throughout  the  struc- 
tinuous  basis,  50  kilowatts  of  output  ture. 

power  at  an  anode  efficiency  of  60  to  In  its  wartime  form,  the  tube  was 
70  percent.  The  resonant  cavities  operated  on  the  pumps,  a  great  con- 
are  tunable  from  350  to  650  me,  and  venience  in  view  of  the  vacuum  seals 
the  adjustment  can  be  performed  around  the  tuning  controls.  There  is 
while  the  tube  is  in  operation.  The  no  reason,  however,  why  the  tube 

should  not  be  constructed  in  sealed- 
off  form  and  still  remain  tunable  over 
a  smaller  range. 


Development  of  the  Resnatron 

The  research  which  lead  to  the 
resnatron  tube  started  in  1938  at 
the  University  of  California.  The  be¬ 
ginning  of  this  research  was  the  re¬ 
sult  of  discussions  between  the  au¬ 
thor,  Dr.  L.  C.  Marshall,  and  Dr. 
David  Sloan  regarding  the  limita¬ 
tions  to  the  production  of  high  power 
in  high-frequency  oscillating  cir¬ 
cuits.  The  result  of  these  discussions 
was  the  determination  that  an  at¬ 
tempt  could  be  made  on  a  new  range 
of  frequency  and  power,  if  electron 
transit  time  could  be  ignored  or  over¬ 
come  in  some  way,  and  if  the  elec¬ 
tronic  circuit  problems  could  be 
tackled  by  reducing  the  inductance 
of  the  vacuum  tube  leads. 

Funds  for  the  resnatron  research 
were  first  furnished  by  the  Electri¬ 
cal  Engineering  Department  of  the 
University  of  California  and  later 
by  the  Research  Corporation.  Rather 
startling  results  were  achieved  al¬ 
most  immediately  by  using  focused 
electron  beams  and  by  incorporating 
the  tuned  circuits  in  the  internal 
structure  of  the  vacuum  tube. 

High  efficiencies  were  recorded 
and  an  average  power  output  of 


Resnatron  tube,  showing  r-f  output  under  adjustment  by  Dr.  J.  J.  Livingood  while 
W.  W.  Salisbury  looks  on.  The  vertical  rectangular  pipe  to  left  of  tube  is  a  section 
*  of  waveguide  used  with  the  tube 


THE  RESNATRON 


First  published  information  on  the  most  powerful  uhf  oscillator  and  amplifier  now  in  exist¬ 
ence.  Used  during  the  war  to  jam  German  radars,  the  resnatron  can  generate  50  kilowatts, 
continuous  wave,  at  any  frequency  between  350  and  650  me 
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Two  resnatrons  mounted  in  a  truck  and  used  to  jam  German  radars  in  July  1943. 
The  piping  is  used  for  water  cooling 


used  rather  than  transmission  lines, 
because  of  the  difficulty  with  insu¬ 
lators.  Two  sizes  of  waveguide  were 
made  standard — 6  by  15  inches  and 
6  by  22  inches — depending  on  the 
part  of  the  frequency  spectrum  used. 
Power  levels  of  50  kw  were  obtained 
at  anode  efficiencies  varying  from 
40  percent  to  70  percent,  depending 
on  the  modulation  bandwidth  re¬ 
quired.  Noise  modulation  was  used. 

Powers  upward  of  50  kilowatts 
coming  from  a  waveguide  6  by  15 
inches  produce  spectacular  effects. 
An  ordinary  light  bulb,  held  in  this 
radiation  field,  explodes.  Fluorescent 
lamps  light  many  feet  away.  A  piece 
of  steel  wool  held  near  the  end  of  the 
waveguide  explodes  into  arcs  and 
will  produce  a  good  case  of  sunburn 


in  a  few  minutes.  In  one  case,  an 
open  waveguide  was  operated  in  the 
laboratory  for  a  few  minutes,  and  on 
the  wall  ahead  of  it  a  tool  board  ex¬ 
ploded  into  arcs  wherever  the  tools 
were  near  resonant  length. 

In  early  field  operations,  a  large 
horn  having  an  aperture  6  by  18  feet 
and  made  of  chicken  wire  was  used. 
During  operation,  one  of  the  Royal 
Air  Force  sergeants  standing  in 
front  of  this  radiator  brought  op¬ 
posite  fingers  of  his  two  hands  to¬ 
gether  and  pulled  them  apart,  pro¬ 
ducing  an  arc.  The  resnatron  tube 
was  operated  as  a  self-excited  oscil¬ 
lator  in  the  field  operations,  but  in 
the  laboratory  it  has  been  used  suc¬ 
cessfully  as  a  power  amplifier,  par¬ 
ticularly  of  the  class  C  type.  As  an 
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eight  kilowatts  was  finally  achieved 
with  raw  a-c  on  the  electrodes  at  a 
frequency  of  860  megacycles.  This 
indicated  a  peak  power  of  the  order 
of  60  kilowatts,  which  from  the  con¬ 
struction  and  power-dissipating  ca¬ 
pacity  of  the  elements  seemed  a  very 
likely  possibility  fof  c-w  operation 
of  the  tube. 

By  the  time  the  research  had 
reached  this  point,  it  was  felt  that 
the  basic  principles  involved  were 
thoroughly  understood,  and  that  all 
that  was  necessary  was  the  refine¬ 
ment  of  details  to  make  a  practical 
installation.  By  this  time,  war  re¬ 
search  had  sprung  up  under  the 
auspices  of  the  OSRD  and  NDRC 
and  it  was  decided  that  the  research 
in  producing  practical  tubes  should 
be  taken  over  by  the  OSRD.  A  con¬ 
tract  was  therefore  let  to  the  West- 
inghouse  Research  Laboratory  at 
East  Pittsburgh  to  continue  this 
work.  Dr.  L.  C.  Marshall  was  already 
working  at  the  MIT  Radiation  Lab¬ 
oratory  on  microwave  radar,  so  Dr. 
D.  H.  Sloan  was  persuaded  to  con¬ 
tinue  the  work  on  the  resnatron  tube. 

This  OSRD  contract  was  first  op¬ 
erated  under  the  auspices  of  the  MIT 
Radiation  Laboratory  but  was  later 
transferred  to  the  Harvard  Radio 
Research  Laboratory  when  it  be¬ 
came  evident  that  the  primary  use  of 
this  development  could  be  in  radar 
countermeasures.  This  work  was 
done  under  the  able  leadership  of  Dr. 
F.  E.  Terman.  As  the  original 
work  at  the  University  of  California 
was  done  on  a  frequency  of  approxi¬ 
mately  860  megacycles  with  a  very 
limited  tuning  range,  it  was  neces¬ 
sary  to  modify  the  design  for  wider 
tuning  range  and  for  the  frequencies 
which  it  was  desirable  to  deny  to  the 
German  Luftwaffe.  The  project  in 
which  this  tube  was  finally  used  was 
known  by  the  code  word  of  Project 
Tuba  (Radar  Countermeasures, 
Electronics,  page  92,  January, 
1946). 

In  utilizing  the  high  power  out¬ 
put  of  the  tube,  waveguides  were 
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To  understand  how  the  tube  oper¬ 
ates  one  may  consider  that  it  con¬ 
sists  of  two  resonant  circuits  (Fig. 
lA)  coupled  together  by  capacitance 
and  appropriately  connected  to  the 
electronic  structure  of  the  tube.  Such 
a  pair  of  circuits  has  two  resonant 
frequencies  (Fig.  IB)  even  though 
the  circuits  are  individually  tuned 
to  the  same  frequency.  On  the  low- 
frequency  peak,  the  tube  cavities 
operate  .180  degrees  out  of  phase, 
while  on  the  high-frequency  peak 
they  operate  in  phase. 

The  time  of  transit  of  the  electrons 
in  passing  from  the  cathode  cavity 
to  the  anode  cavity  introduces  a  lag 
in  the  phase  angle  between  the  oscil¬ 
lations  in  the  two  cavities.  To  this 
phase  lag  must  be  added  an  addi¬ 
tional  lag,  to  bring  the  two  cavities 


into  the  opposite  phase  condition  re¬ 
quired  for  oscillation.  The  additional 
phase  lag  is  obtained  by  slightly  de¬ 
tuning  the  cathode  cavity.  A  contin¬ 
uous  adjustment  of  the  additional 
phase  lag  is  possible  because  of  the 
resistance  component  in  the  cath¬ 
ode  cavity,  due  to  electron  loading. 
Moreover, '  this  resistive  component 
does  not  represent  a  loss  of  power, 
since  the  energy  put  into  the  electron 
stream  reappears  in  the  anode  cav¬ 
ity  and  contributes  to  the  useful 
power  output.  Thus  the  effect  of 
transit  time  can  be  compensated 
without  lowering  the  efficiency. 

The  transfer  of  energy  from  cath¬ 
ode  to  anode  cavities  is  accomplished 
by  electron  bunching,  in  the  manner 
of  the  class-C  amplifier.  The  elec¬ 
tron  bunches,  formed  in  the  space 
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FIG.  1— Equivalent  ciroUt  (C)  and  re¬ 
sonance  characteristic  of  the  resnatron. 
Copacitively-coupled  tuned  circuit  (A)  dis¬ 
plays  double  resonance  peaks  (B)  repre¬ 
senting  in-phase,  out-of-phase  oscillations 


amplifier,  it  offers  10  db  or  more  of 
gain  and  the  same  efficiency  as  when 
operated  as  a  self-excited  oscillator. 

Theory  of  Operation 

The  resnatron  may  best  be  de¬ 
scribed  as  operating  as  a  grounded 
grid  tetrode;  that  is,  both  the  con¬ 
trol  grid  and  the  screen  grid  are  op¬ 
erated  at  radio-frequency  ground 
with  the  filament  oscillating  with 
respect  to  the  control  grid  and  the 
anode  oscillating  with  respect  to  the 
screen  grid.  In  effect  the  tube  con¬ 
sists  of  two  excited  cavities.  One, 
the  output  cavity,  is  between  the 
screen  grid  and  the  anode ;  the  other, 
the  input  cavity,  is  between  the  con¬ 
trol  grid  and  the  filament  structure. 
Power  is  introduced  into  the  filament 
control-grid  (cathode)  cavity  by  a 
coupling  loop,  and  another  coupling 
loop  in  the  screen-grid-anode  (anode) 
cavity  connects  to  the  output.  The 
equivalent  circuit  (Fig.  1)  is  like 
that  of  a  tuned-grid  tuned-plate  os¬ 
cillator. 

Self-excited  operation  can  be  ob¬ 
tained  either  by  taking  power  from 
the  output  loop  and  connecting  it  to 
the  input  loop  or  by  means  of  capaci¬ 
tance  probes  which  reach  through 
the  grid  spaces  of  the  tube  from  the 
top  of  the  cathode  to  the  anode  cav¬ 
ity.  This  latter  arrangement  is  su¬ 
perior  for  broad-band  use  and  for 
quick  change  in  frequency.  If  accur¬ 
ate  frequency  control  is  required,  as 
may  be  the  case  in  future  commer¬ 
cial  uses,  the  external  feedback  cir¬ 
cuit  is  more  desirable. 
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FIG.  2 — Diagrammatic  view  of  model  4  resnatron.  Tuning  drives  adjust  sixe  of 
cathode  and  anode  cavities,  and  permit  adjustment  while  in  operation  over  range 

from  350  to  650  me 
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between  the  two  cavities  (between 
control  grid  and  screen  grid),  pre¬ 
serve  their  shape  until  they  deliver 
their  energy  to  the  anode  cavity.  In 
a  triode  structure,  the  bunches 
would  quickly  lose  their  shape  after 
emerging  from  the  cathode  cavity, 
and  the  efficiency  would  be  lowered. 
This  effect  has  been  noted  in  triode 
forms  of  the  tube. 

The  accompanying  cross-sectional 
view  (Fig.  2)  shows  the  internal 
construction.  The  emitter  consists 
of  24  pure  tungsten  filaments  about 
one  inch  long  and  made  from  50-mil 
tungsten  wire,  ground  to  half-round 
shape  so  as  to  present  a  flat  finished 
surface.  These  filaments  are  bent  in 
the  shape  of  a  magazine  staple  and 
the  ends  hard-soldered  in  two  copper 
rings.  A  filament  current  of  1,800 
amperes  at  two  volts  is  required  to 
heat  the  emitter.  The  peak  emission 
is  in  the  neighborhood  of  25  or  30 
amperes. 

The  emitter  is  mounted  on  a  cop¬ 
per  water-cooled  stand,  which  con¬ 
tains  a  resonant  quarter-wave  choke, 
at  the  bottom,  of  concentric  quarter- 
wave  cylinders.  At  the  top  is  a  syl¬ 
phon-operated  tuning  structure  op¬ 
erated  by  an  extension  line  and  ex¬ 
ternal  sylphon. 

The  control  grid  is  a  piece  of  cop¬ 
per  tubing  which  fits  over  the  assem¬ 
bly  and  is  mounted  on  separate  in¬ 
sulators.  The  quarter-wave  overlap 
over  the  lower  choke  forms  an  effec¬ 
tive  by  pass  capacitor  to  prevent  the 
leakage  of  power  from  the  cathode 
cavity,  while  insulating  the  negative 


grid  voltage  developed  across  the  ex¬ 
ternal  grid  leak.  The  grid  consists 
of  slots  in  the  copper  cylinder,  op¬ 
posite  the  filaments,  so  that  each  fila¬ 
ment  looks  out  through  an  unob¬ 
structed  opening  and  electron  con¬ 
trol  is  carried  on  by  focusing  action 
entirely.  The  grid  slots  are  some¬ 
what  longer  than  the  filaments  and 
about  100  mils  wide  and  about  80 
mils  thick. 

The  screen  grid  is  a  copper  tube 
structure  which  surrounds  the  con¬ 
trol  grid,  mounted  directly  on  the 
anode  since  the  anode  and  screen 
grid  are  operated  at  the  same  d-c 
potential  It  is  arranged  to  form, 
with  the  anode  and  its  supports,  a 
doubly-closed  concentric  line  struc¬ 
ture  which  has  a  resonance  at  ap¬ 
proximately  one  half  wavelength. 
This  structure  (the  daisy)  is  tuned 
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FIG.  5 — Grid  current  characteristic  of  the 
model  4  resnatron.  taken  on  static  basis 
with  screen  grid  and  anode  at  same  volt¬ 
age 


inch  outer  conductor  of  the  coaxial 
line.  This  insert  is  made  by  sealing 
the  glass  to  two  cylindrical  sections 
of  Kovar,  which  are  hard-soldered  to 
copper  ends  and  these  in  turn  are 
soft-soldered  to  the  outer  conductor 
of  the  coaxial  line.  This  is  the  only 
insulator  in  the  r-f  system  and  op¬ 
erates  satisfactorily  even  at  very 
high  power  providing  an  airblast 
cools  the  glass. 

The  glass  section  is  inserted 
through  the  waveguide  so  as  to 
reach  across  the  small  dimension, 
displaced  an  appropriate  amount 
from  the  center  of  the  guide.  The 
arrangement  provides  an  output  im¬ 
pedance  match  from  the  coaxial  line 
to  the  waveguide.  The  coaxial  line 
is  part  of  the  vacuum  system  and  the 
vacuum  insulation  seems  necessary, 
as  judged  from  earlier  experiences 
with  similar  size  lines. 

The  output  seal  has  been  very  suc¬ 
cessful  and  has  not  failed  in  service 
except  due  to  mechanical  breakage. 
Power  of  the  order  of  80  kilowatts 
has  been  transmitted  through  it, 
even  with  high  standing  wave  ratios, 
without  any  sign  of  failure.  This  is 
not  intended  to  indicate  that  an  out¬ 
put  seal  for  these  high  powers  and 
frequencies  is  an  easy  matter.  Many 
attempts  were  made  before  this  suc¬ 
cessful  lead  was  perfected. 

The  output  powers  quoted  were 
measured  by  means  of  temperature 
rise  in  measured  water  flows  and  in¬ 
clude,  in  anode  losses,  all  the  losses 
in  the  resonant  circuits. 

An  opening,  similar  to  the  output 
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FIG.  4 — Static  plate  characteristics  of  the 
model  4  resnatron.  with  screen  grid  and 
anode  at  some  potential.  Maximum  con¬ 
tinuous  plate  current  is  about  10  amperes 


by  a  series  of  sylphons  which  ex¬ 
tend  radially  around  the  screen  grid 
and  attach  to  the  outer  coaxial 
cylinder  above  the  anode,  thus  form¬ 
ing  a  sliding  short-circuit  which  can 
be  moved  by  means  of  rods  which 
protrude  through  vacuum  seals  at 
the  top  of  the  tube.  A  gear  and  screw 
arrangement  allow  the  daisy  to  be 
readily  moved  by  means  of  a  tuning 
wheel  from  the  outside  of  the  anode 
structure.  As  the  anode  is  operated 
at  d-c  ground  potential,  a  metal  hand 
wheel  is  satisfactory. 

The  output  loop,  at  the  end  of  a 
50-ohm  coaxial  line  of  three  inches 
outer  diameter,  extends  to  the  lower 
part  of  the  cavity  between  the  screen 
grid  and  the  anode.  This  rod  leads 
to  a  glass  output  seal  and  matching 
plunger.  The  output  seal  consists  of 
a  cylindrical  glass  insert  in  the  three- 


FIG.  3 — Dimeniions  and  arrangement  of 
electrodes.  Electrons  ore  beam-formed  and 
simultaneously  bunched  during  passage 
between  control  grid  and  screen  grid 
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Component  structures  of  the  cathode  resonator  and  r-i  output.  Figure  2  shows  the  relotiTe  positions  of  the  ports.  The  glass  seal  in  the 

coaxial  r>i  output  lead  extends  across  the  woreguide  cross-section 


opening,  can  be  seen  in  the  diagram 
(Fig.  2)  which  connects  through  the 
anode-screen  grid  cavity  into  the  cav¬ 
ity  between  the  control  grid  and  the 
cathode.  This  is  for  amplifier  input 
or  for  inductive  feedback  input.  The 
capacitance  feedback  probes  can  be 
seen  at  the  top  of  the  cathode  struc¬ 
ture,  just  beneath  the  cathode  tun¬ 
ing  sylphon. 

The  filament  and  control  grid  as¬ 
sembly  are  mounted  on  an  insulator 
made  by  sealing  a  glass  tube  about  8 
inches  diameter  to  •  two  kovar  cups 
about  four  inches  apart.  This  in¬ 
sulator  has  only  to  insulate  a  d-c 
power  supply  to  the  tube.  The  con¬ 
trol  grid  is  mounted  on  a  lavite  in¬ 
sulator  inside  of  this  insulating  cup 
and  has  its  leadout  and  water-cool¬ 
ing  pipes  insulated  by  means  of  a 
small  kovar  glass  seal  about  three 
inches  long  and  one  inch  in  diameter, 
which  protrudes  from  the  bottom  of 
the  supporting  cup. 

All  parts  of  the  tube  are  water 
cooled.  Water  pressure  on  the  syl¬ 
phons  of  the  anode-screen  grid  tun¬ 
ing  spider  is  largely  responsible  for 
the  success  of  ^t;his  tuning  mechan¬ 
ism,  as  a  steady  pressure  on  both  the 
inner  and  outer  conductors  of  the 
anode  resonant  cavity  makes  this 


a  low-loss  connector.  The  anode 
water  cooling  was  operated  at  200 
pounds  pressure  and  with  about  20 
gallons  per  minute  water  fiow.  In 
the  course  of  static  curve  tests, 
powers  as  high  as  120  kilowatts  have 
been  dissipated  on  this  small  anode, 
which  is  about  one  inch  high  and 
about  six  inches  diameter. 

Typical  operation  of  the  tube  is  as 
follows:  with  an  output  of  85  kilo¬ 
watts,  140  kilowatt  input  was  utilized 
with  8  amperes  of  plate  current  at 
17i  kilovolts.  The  grid  current  is  1 
to  li  amperes,  depending  on  the  ad¬ 
justment,  with  a  grid  voltage  of 
about  2,500  volts  d-c  average.  The 
screen  grid  is  operated  at  anode  po¬ 
tential. 

The  whole  tube  structure  is 
mounted  on  a  large  vacuum  manifold 
which  fits  on  the  top  of  an  eight-inch 
high-speed  triple-jet  diffusion  pump. 
The  diffusion  pump  is  usually  backed 
up  by  a  large  mechanical  pump.  This 
heavy-duty  high-speed  vacuum  sys¬ 
tem  is  a  great  convenience  in  getting 
started  again  after  changing  a  set  of 
filaments  or  making  any  repairs  due 
to  mechanical  damage.  The  anode, 
pumps,  and  output  structure  are  at 
d-c  ground.  This  necessitates  that 
the  filaments  have  an  insulating 


transformer  as  they  are  the  high- 
potential  part  of  the  circuit  of  the 
resnatron. 

The  tube  can  be  easily  operated 
for  static  tests  by  merely  mistuning 
either  the  anode  or  cathode  with  re¬ 
spect  to  the  other.  Screen  grid  and 
anode  currents  were  separated  in 
static  tests  by  means  of  a  small  in¬ 
sulating  ring  inserted  between  the 
anode  and  the  supporting  parts  of 
the  tuning  structure. 

The  static  tests  taken  on  a  typical 
tube  are  as  shown  in  the  accompany¬ 
ing  diagram  (Fig.  4,  5,  and  6).  It 
will  be  noted  that  they  are  all  similar 
to  any  conventional  tube.  The  inner 
structure  of  the  tube  operated  as  a 
triode  has  a  maximum  amplification 
factor  of  about  25. 

Because  of  secondary  emission,  it 
is  difficult  to  operate  the '  resnatron 
at  low  power  levels.  At  screen  grid 
voltages  below  2,000  volts,  and  es¬ 
pecially  at  400  volts,  there  is  a  strong 
emission  of  secondary  electrons  from 
the  anode  which  gives  a  large  dip 
in  the  characteristic  curve.  This 
electron  current  represents  a  heavy 
loading  of  the  screen  grid-anode  cav¬ 
ity.  Fortunately,  at  the  high  volt¬ 
ages  used  at  high  power  levels,  the 
secondary  emission  almost  entirely 
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FIG.  6 — Amplification  factor  {fi).  transconductonce  igm)  and  dynamic  plate  resistance  (r,)  contours  plotted  on  plate  voltage  and  current 

coordinates 


disappears  and  hence  does  not  de-  The  operating  Q  can  vary  between  time  device  in  the  war  just  ended  is 
tract  from  the  efficiency  when  the  about  50  and  150,  but  if  the  lower  a  long  subject  and  must  be  referred 
tube  is  operated  at  powers  above  figure  is  used,  the  efficiency  is  af-  to  the  future.  However,  the  building 
about  10  kilowatts.  fected  adversely.  The  limit  of  fre-  and  operation,  in  the  field,  of  a  50- 

The  resnatron  will  operate  at  re-  quency  possibilities  for  a  resnatron  kilowatt  radar  jamming  transmitter 
duced  efficiency  as  a  class  B  amplifier  type  tube  has  not  yet  been  com-  mounted  on  trucks  and  with  each  out- 
and  could  be  used  to  amplify  either  pletely  explored.  There  seems  no  fit  capable  of  operating  two  tubes 
amplitude-modulated  signals  or  fre-  doubt  that  it  would  operate  efficiently  simultaneously  at  50  kilowatts  out- 
quency-modulated  signals.  It  can  be  and  successfully  for  powers  of  50  or  put  was  a  large  and  exciting  under¬ 
modulated  itself  by  either  anode  or  more  kilowatts  in  the  new  f-m  broad-  taking. 

grid  modulation,  although  there  may  cast  band.  The  author  also  feels  It  is  sincerely  hoped  that  this  de- 
be  some  question  about  the  linearity  strongly  that  the  design  could  be  velopment,  which  has  been  so  greatly 
in  case  high-percentage  modulation  pushed  in  frequency  into  the  micro-  stimulated  by  war,  wiH  continue  on 
is  used  for  grid  modulation.  wave  region  now  used  in  radar,  and  to  be  a  useful  and  important  peace- 

The  principal  limitation  on  fre-  that  high  c-w  powers  are  possible  in  time  development.  It  should  have 
quency  bandwidth  is  the  required  this  region.  important  applications  to  the  f-m 

operating  Q  of  the  output  cavity.  The  use  of  the  resnatron  as  a  war-  broadcast  and  television  field. 


SCREEN  GRID 


F  jf 

'i '  a 

^  1 

Element!  of  the  anode  cority.  The  daisy  forms  the  top  of  the  anode  resonant  cavity  and  is  moved  within  its  hoiue  in  tuning  the  output 

A  similar  system  permits  tuning  the  cathode  cavity  ^ 
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Signal  Corps  Engineering  Laboratories, 
Bradley  Beach,  N.  J, 


AAF  Watson  Laboratories, 
Red  Bank,  A.  J. 


Close-up  of  antenna,  showing  remote  in¬ 
dicating  gear  at  base,  permitting  ontenno 
to  be  separated  100  feet  from  operating 
position.  Since  the  antenna  was  a  fororite 
target,  separation  protected  crew 


FIG.  1 — Schematic  of  the  internal-circuit 
triode  oscillator.  Four  triodes  ore  connected 
directly  to  resonant  grid  and  plate  lines 
within  the  tube 


The  transmitter  of  the  AN/ 
TPS-3  radar  is  a  single-tube  os¬ 
cillator  employing  a  tube  specially 
developed  for  this  frequency  by  the 
first  named  author.  It  consists  of 
four  triode  sections  connected  in 
push-pull-parallel  as  shown  in  Fig.  1. 
These  sections  are  connected  to¬ 
gether  by  means  of  tuned  grid  and 
plate  lines  entirely  contained  within 
the  glass  envelope.  The  r-f  output 
is  brought  from  the  tube  by  two 
leads  connected  to  each  side  of  the 
plate  line  at  its  maximum  voltage 
point. 

The  grid  line  is  situated  directly 
below  the  plate  line  and  is  therefore 
coupled  to  it.  A  lead  from  each  end 
of  this  line,  at  its  zero  voltage  points, 
is  brought  out  of  the  tube.  Grid 
bias  is  applied  to  either  one  of  these 
leads. 

Each  of  the  four  thoriated  tungs¬ 
ten  filaments  is  brought  out  inde¬ 
pendently  and  they  are  tied  together 
externally  by  another  section  of 
transmission  line.  By  properly  ad¬ 
justing  the  length  of  this  filament 
line  the  tube  may  be  made  to  operate 
over  a  frequency  band  of  590  to  610 
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me.  Grid  bias  is  developed  by  con¬ 
necting  a  resistance  of  the  proper 
value  between  one  of  the  grid  leads 
and  the  zero  voltage  point  of  the 
filament  line. 

The  tube  operates  as  a  push-pull 
triode  oscillator  in  a  tuned-grid 
tuned-plate  circuit.  The  most  effici¬ 
ent  means  of  coupling  to  the  tube 
is  to  connect  the  transmission  line 
directly  to  the  plate  leads.  For  safety 


reasons,  the  transmission  line  must 
be  held  at  d-c  ground  potential.  This 
requires  the  plates  to  be  held  at  d-c 
ground  and  the  keying  voltage  must 
be  applied  negatively  to  the  fila¬ 
ments. 

Although  the  tube  has  operated 
satisfactorily  at  30  kv,  the  normal 
operating  voltage  in  the  AN/TPS-3 
is  24  kv.  This  voltage  is  applied  to 
the  filaments  in  negative  pulses  of 
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ON  50  CENTIMETERS 


Details  of  transmitter,  receiver  and  indicator  systems  of  the  TPS-3  600-mc  early-warning 
radar  are  presented  in  this  concluding  installment.  The  transmitting  tube  contains  tuned 
circuits  within  the  envelope,  and  is  modulated  by  a  rotary  spark  gap 


1.5  microseconds  duration,  occurring 
at  the  rate  of  200  per  second.  This 
means  that  the  transmitter  is  oper¬ 
ating  only  0.03  percent  of  the  time. 
During  this  operating  time  it  pro¬ 
duces  r-f  power  at  a  rate  of  200  kw, 
but  the  average  power  produced  is 
only  60  watts.  The  high  peak  power 
requirement  puts  a  stringent  demand 
on  filament  design,  since  the  filament 
must  be  large  enough  to  provide  suf¬ 
ficient  emission  to  allow  the  produc¬ 
tion  of  200  kw.  The  filaments  con¬ 
sume  400  watts  of  heating  power. 

Another  unusual  feature  is  the 
large  interelectrode  spacing.  If  it 
were  not  for  the  high  voltage  em¬ 
ployed,  this  would  mean  a  prohibi¬ 
tively  long  transit  time  at  600  me 
and  the  tube  would  operate  very  in¬ 
efficiently.  As  a  matter  of  fact,  the 
tube  will  not  oscillate  until  the  volt¬ 
age  exceeds  about  5000  volts.  This 
means  that  the  tube  cannot  be  used 
as  a  cw  oscillator  since  the  plate  dis¬ 
sipation  would  be  far  too  high. 
Under  the  pulsed  conditions  the  tube 
operates  at  25  to  30  percent  plate 
efficiency. 


The  modulating  system  consists  of 
a  modulator  unit,  a  pulse  transformer, 
and  a  rotary  spark  gap  mounted  on 
the  shaft  of  the  power  unit.  A  func¬ 
tional  schematic  of  these  units  is 
shown  in  Fig.  2.  The  modulator  and 
power  unit  are  placed  50  feet  from 
the  console  of  the  radar  and  con¬ 
nected  to  it  by  cables.  The  pulse 
transformer  is  in  the  console,  situ¬ 
ated  next  to  the  transmitter,  and  is 
connected  to  the  modulator  by  50- 
ohm  flexible  coaxial  cable. 

The  Modaloting  System 

The  modulator  proper  consists  of 
a  conventional  voltage  doubler,  a 
charging  choke  and  a  pulse-forming 
artificial  transmission  line.  The 
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voltage  doubler  produces  8000  volts, 
negative  d-c,  across  the  terminals  of 
its  filter  capacitors  and  applies  it 
through  the  charging  choke  to  the 
five  parallel  capacitors  of  the  pulse 
line.  These  form  a  series-resonant 
circuit  with  a  half  period  of  5000 
microseconds.  When  the  8000  volts 
is  applied  to  this  combination  the 
voltage  on  the  capacitors  builds  up 
slowly.  In  5000  microseconds  it 
reaches  twice  the  applied  voltage,  or 
16,000  volts  negative.  When  the 
pulse  line  is  shorted  to  ground,  it 
discharges  through  the  primary  of 
the  pulse  transformer  in  a  period  of 
1|  microseconds.  The  time  of  dis¬ 
charge  is  determined-  by  the  con¬ 
stants  of  the  line,  i.e.,  the  values  of 
the  capacitances  and  inductances. 
These  constants  are  adjusted  so  that 
the  characteristic  impedance  of  the 
line  at  the  pulse  frequency  is  50 
ohms.  Since  the  pulse  line  is  con¬ 
nected  to  a  50-ohm  load,  half  of  the 
total  voltage  will  appear  across  the 
load  and  half  across  the  pulse  line. 

The  pulse  transformer  has  applied 
to  its  primary  a  rectangular  pulse 


Interior  Tiew  of  tronsmittor.  showing  VT>158  internal-circuit  tube.  The 
corresponding  schematic  circuit  is  shown  in  Fig.  1.  The  output  is  taken 
directly  from  the  plates,  at  d-c  ground  potential.  NegotiTe  modulating 
pulses  are  applied  to  the  filament 


Power  unit  and  modulator.  A  three-pole  rotary  spark  gap. 
mounted  on  the  shaft  of  the  400-cps  primary  power 
alternator,  discharges  the  pulse-forming  circuit  at  200  pulses 
per  second 
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of  &000  volts  amplitude,  1.5  micro¬ 
seconds  long.  This  transformer  is 
designed  with  a  very  low  leakage 
inductance  and  low  losses  so  it  will 
pass  high  frequencies  efficiently.  The 
ratio  of  primary  to  secondary  is  1:3 
so  that  the  secondary  voltage  will  be 
—24,000  volts.  Figure  2  shows  two 
windings  on  the  secondary  of  the 
pulse  transformer.  These  are  actu¬ 
ally  two  parallel  windings  insulated 
from  each  other,  and  carry  the  fila¬ 
ment  current  for  the  transmitter 
tube.  This  allows  the  use  of  a  fila¬ 
ment  transformer  without  high-volt¬ 
age  insulation.  A  separate  winding 
of  very  few  turns  on  the  pulse  trans¬ 
former  produces  a  400-volt  negative 
pulse  which  is  used  as  a  trigger  to 
control  the  circuits  in  the  indicator. 

The  switch  that  short-circuits  the 
pulse  line  is  a  rotary  spark  gap 
mounted  on  the  shaft  of  the  power 
unit.  The  power  unit  is  a  12-pole  the  16,000  volts  on  the  stationary 
400-cycle  alternator  operating  at  pin  breaks  down  the  air  between 
4000  rpm.  Since  the  spark  gap  has  them  and  provides  an  ionized  path 
three  segments,  the  pulse  line  will  through  which  the  pulse  line  dis- 
be  short-circuited  three  times  per  charges.  Between  pulses  the  volt- 
revolution,  or  200  times  per  second,  age  doubler  and  charging  choke 
The  high  voltage  point  of  the  pulse  again  charge  up  the  pulse  line  to 
line  is  connected  to  a  single  station-  —16,000  volts.  The  wave  shape  of 
ary  tungsten  pin  in  the  housing  of  the  voltage  on  the  pulse  line  and  the 
the  spark  gap.  A  metal  disc  fixed  wave  shape  of  the  voltage  on  the 
to  the  shaft  of  the  alternator  carries  primary  of  the  pulse  transformer  are 
three  tungsten  pins,  spaced  120  deg.  shown  in  Figure  3. 
apart,  past  the  stationary  pin.  A  It  is  interesting  to  note  the  magni- 
carbon  brush  riding  on  the  metal  tude  of  the  instantaneous  currents 
disc  provides  a  low  resistance  path  and  powers  flowing  in  some  of  these 
to  ground.  When  one  of  the  rotating  circuits.  For  instance,  the  trans¬ 
pins  approaches  the  stationary  pin,  mitter  tube  is  known  to  have  an  im- 


Antenna  disassembled  and  packed  lor  transport.  All  major  components  can  be  broken 
down  into  small  packages,  each  capable  of  being  carried  by  a  man 


pedance  of  450  ohms  to  direct  cur¬ 
rent.  Since  the  applied  voltage  is 
24,000,  the  direct  current  flowing 
through  the  transmitter  tube  during 
the  pulse  is  approximately  50  am¬ 
peres  and  the  plate  power  is  approxi¬ 
mately  1.2  megawatts.  The  current 
in  the  primary  of  the  pulse  trans¬ 
former  and  the  rotary  spark  gap  is 
150  amperes. 

Rocoiviag  and  Indlcotlng  System 

The  receiver  is  conventional,  oper¬ 
ating  on  the  superheterodyne  prin¬ 
ciple.  It  differs  from  an  ordinary 
receiver  only  in  the  wide  bandpass 
and  in  the  low  noise  figure.  The 
optimum  bandwidth  for  a  receiver  to 
be  used  with  a  1.5  microsecond  pulse 
is  the  reciprocal  of  the  pulse  width, 
or  0.66  me;  however  this  optimum 
is  not  very  critical  and  the  actual 
bandpass  of  the  receiver  is  approxi¬ 
mately  1.25  me. 

The  noise  figure  of  a  receiver  can 
be  considered  as  a  comparison  of  the 
actual  receiver  with  a  perfect  re¬ 
ceiver.  Since  the  radar  must  operate 
on  extremely  small  signals,  the  gain 
of  the  receiving  system  is  usually 
high,  so  that  noise  is  always  present 
in  the  output  circuit.  The  amplitude 
of  this  noise  is  the  limiting  factor 
in  the  size  of  the  signal  that  is  dis¬ 
cernible.  The  output  circuit  of  a 
perfect  receiver  will  have  present  in 
it  only  the  amplified  thermal  noise 
in  its  input  circuit.  An  actual  re¬ 
ceiver  has,  in  addition  other  noise, 
such  as  shot  noise,  generated  within 
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FIG.  2 — The  modulator  circuit.  Tho  Toltago  doubUr  chorgos  tho  LC  notwork  (pulso- 
lorming  artificial  transmission  line),  which  is  discharge  through  the  r-f  oscillator  by  the 

rotary  spark  gap 
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the  receiver  itself.  The  noise  figure 
is  a  method  of  comparing  the  actual 
noise  present  to  the  noise  that  would 
be  present  if  the  only  source  were 
the  passive  resistance  of  the  input 
circuit.  The  noise  figure  is  expressed 
in  db  and  is  independent  of  the  im¬ 
pedance  of  the  input  circuit  or  band¬ 
width  and  is  therefore  a  figure  of 
merit  of  all  radar  receivers.  The 
receiver  of  the  AN/TPS-3  has  a 
noise  figure  of  approximately  10  db. 

Figure  4  is  a  block  diagram  of  the 
receiver.  The  first  two  stages  are 


FIG.  3 — WaTeforms  in  the  modulator  cir¬ 
cuit.  Resonance  charging  is  employed  to 
reach  16.000  volts  across  pulse  line,  which 
is  discharged  at  peak  of  cycle 

radio-frequency  amplifiers  tuned  to 
600  me,  employing  grounded  grid 
triodes.  The  local  oscillator  is  in¬ 
jected  into  the  cathode  circuit  of  the 
second  r-f  amplifier  and  the  conver¬ 
ter  is  a  silicon  crystal  in  the  plate 
circuit  of  this  stage.  The  converter 
output  feeds  into  an  i-f  amplifier  con¬ 
sisting  of  six  stages,  followed  by  a 
diode  detector  and  a  video  amplifier 
whose  output  is  then  fed  into  the 
indicator.  There  are  also  several 
special  circuits  built  into  the  re¬ 
ceiver  to  eliminate  interference 
caused  by  the  enemy  as  counter¬ 
measures.  These  are  known  as  anti¬ 
jamming  circuits. 

The  indicator  circuits  divide  them¬ 
selves  into  four  sections.  These  are 
the  video  circuits,  the  type-A  indica¬ 
tor  sweep  circuits,  the  plan  position 
indicator  (ppi)  sweep  circuits  and 
the  marker  circuits.  The  type-A 
presentation  sweep  circuit  shown  in 
Fig.  5  begins  with  a  one-shot  multi¬ 
vibrator  that  produces  negative 
square  waves.  By  means  of  a  switch, 
the  length  of  the  square  wave  can  be 
set  to  200,  600,  and  1200  microsec¬ 
onds.  The  square  wave  is  applied  to 


a  sweep  generator  which  produces  a 
linear  sawtooth  wave  of  the  same 
period  as  the  square  wave.  The  saw¬ 
tooth  is  amplified  by  a  pair  of  cascade 
amplifiers  and  applied  to  the  hori¬ 
zontal  plates  of  the  A-scope. 

The  ppi  presentation,  (Fig.  6), 
starts  with  its  own  independent 
multivibrator,  also  adjustable  over 
the  same  three  ranges  as  the  A-scope. 
This  allows  the  range  presentation 
of  the  A  and  the  ppi-scope  to  be  set 
independently.  The  ppi  multivibrator 
is  fed  into  another  sawtooth  gener¬ 
ator  and  a  single  stage  preamplifier. 
The  preamplifier  drives  the  primary 
of  a  rotary  transformer,  each  of 
whose  two  secondaries  are  connected 
through  amplifiers  to  one  pair  of 
magnetic  deflection  coils  on  the  ppi 
tube.  The  rotary  transformer  is  es¬ 
sentially  a  two-phase  motor  with  a 
single-phase  rotor  which  is  rigidly 
connected  to  the  antenna. 

As  the  antenna  rotates  the  rotor 
must  follow.  This  induces  sawtooth 
voltages  of  varying  magnitude  in 
each  of  the  two  secondaries  on  the 
stator.  The  voltages  in  each  of  the 
two  stator  windings  are  in  time 
phase,  but  are  90  deg  apart  in  space 
phase;  i.e.  when  the  voltage  in  one 
winding  is  a  maximum,  the  other  is 
a  minimum.  These  voltages  are  am¬ 


plified  and  applied  to  the  deflection 
yokes  of  the  ppi  tube.  The  result  is  a 
radial  sweep  which  rotates  about  the 
center  of  the  tube  in  synchronism 
with  the  rotation  of  the  antenna.  By 
pointing  the  antenna  toward  true 
north  and  then  adjusting  the  posi¬ 
tion  of  the  stator  until  the  sweep 
line  points  to  0  deg  on  a  graduated 
scale  around  the  face  of  the  tube,  the 
sweep  line  is  made  to  indicate  true 
antenna  position. 

Both  the  A-scope  multivibrator  and 
ppi-scope  multivibrator  are  triggered 
by  the  pulse  generated  in  the  third 
winding  of  the  pulse  transformer,  so 
that  the  sweep  line  in  both  tubes  al¬ 
ways  begins  the  instant  voltage  is 
applied  to  the  transmitter.  Although 
the  voltage  on  the  transmitter  only 
lasts  for  1.5  microseconds,  the  sweep 
line  in  each  tube  continues  for  the 
length  of  time  determined  by  the 
setting  of  the  controlling  resistor  in 
its  multivibrator. 

Of  special  interest  in  the  ppi  sweep 
circuit  are  the  precautions  taken  to 
have  the  sweep  line  begin  every 
sweep  exactly  at  the  center  of  the 
tube.  This  is  accomplished  by  a 
clamping  circuit.  Each  of  the  mag¬ 
netic  deflection  yokes  of  the  ppi  tube 
are  driven  by  a  pair  of  amplifiers  in 
push-pull.  The  grid  of  each  push- 


FIG.  4 — Block  diagram  of  receiyer.  At  600  me.  lueful  gain  con  be  obtained  by  pre- 
amplification  before  the  mixer.  The  nominal  bandwidth  of  the  i-f  amplifier  is  1.25  me 
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FIG.  6 — Simplified  schematic  of  sweep  circuit  for  plan  position  indicator.  Rotor  of  rotary  transformer  is  connected 
to  antenna  drive,  so  direction  of  deflection  corresponds  to  antenna  position 


pull  amplifier  is  connected  to  a  pair 
of  clamping  tubes  as  shown  in  the 
functional  schematic.  The  grids  of 
the  clamping  tubes  are  tied  to  a  high 
positive  voltage  so  that  the  clampers 
are  normally  practically  short-cir¬ 
cuited.  This  keeps  the  grid  of  each 
of  the  push-pull  amplifiers  at  a  fixed 
potential  determined  by  the  voltage 
drop  through  the  clampers  and  the 
resistance  from  the  cathode  circuit 
of  the  lower  clamper  to  ground. 

When  the  sweep  voltage  is  applied 
to  the  grid  of  the  amplifier  a  portion 
of  the  square  wave  from  the  multivi¬ 
brator  is  also  applied  to  the  grids  of 
the  clampers.  This  being  negative, 
the  clampers  are  cut  off  and  the  grid 
of  the  amplifier  is  allowed  to  rise 
linearly  with  the  sawtooth.  At  the 
end  of  the  sawtooth  the  square  wave 
also  is  ended  and  the  clampers  are 
once  more  short-circuited,  bringing 
the  amplifier  grids  back  to  the  same 
fixed  i>otential. 

Separate  video  channels,  Fig.  7, 
are  provided  for  the  A-scope  and  ppi-  and  clippers.  By  controlling  the  bias 
scope.  The  A-scope  video  is  a  single  on  these  two  stages  the  maximum 
stage  amplifier  whose  output  is  con-  and  minimum  signal  level  can  be  con¬ 
nected  to  one  vertical  plate  of  the  trolled,  giving  control  of  gain  and 
A-scope.  The  ppi  video  channel  is  contrast.  The  output  of  this  two- 
somewhat  more  complicated,  since  stage  amplifier  is  connected  to  the 
the  signals  are  applied  to  the  ppi  tube  control  grid  of  the  ppi  tube, 
as  intensity  modulation  and  their  The  unoccupied  deflection  plate  of 
levels  must  be  accurately  controlled,  the  A-scope  tube  is  connected  to  the 
The  amplifier  consists  of  two  stages  output  of  the  marker  circuits.  These 
in  cascade  which  act  as  amplifiers  circuits  produce  marker  pulses  which 


resemble  echoes,  spaced  at  even  inter¬ 
vals  along  the  A-scope  and  ppi-scope 
sweep  line.  The  markers  are  spaced 
107  microseconds  apart,  represent¬ 
ing  10  miles.  Every  fifty-mile 
marker  is  somewhat  longer  than  the 
others.  The  marker  circuits  begin 
with  a  multivibrator  which  is  trig¬ 
gered  from  the  same  source  as  the 
sweep  multivibrators  and  produces  a 
square  wave  of  fixed  length  equal  to 
the  maximum  range  of  the  presenta¬ 
tions.  This  square  wave  is  applied  to 
a  normally  quiescent  oscillator  whose 
tank  circuit  is  adjusted  to  93  kc.  The 
resultant  oscillations  have  a  period 
of  107  microseconds.  These  are  then 
amplified,  squared,  and  clipped  as 
shown  in  Fig.  8.  The  resulting  mark¬ 
ers  are  then  fed  into  one  half  of  a 
mixer  tube,  the  other  half  of  which  is 
fed  by  one-shot  multivibrator  flip 
flop  circuit  whose  constants  are  ad¬ 
justed  to  i  the  frequency  of  the  10- 
mile  markers.  This  circuit  is  driven 
from  a  point  in  the  lO-mile  marker 
circuit  and  produces  a  longer  marker 
at  every  fifth  10-mile  marker.  The 
output  of  the  mixer  tube  is  fed  di¬ 
rectly  to  the  A-scope  and  through 
a  buffer  amplifier  to  the  control  grid 
of  the  ppi  scope.  On  the  A-scope  the 
markers  appear  as  downward  deflec¬ 
tions  along  the  sweep  line,  giving  the 
impression  of  a  marked  scale.  On  the 
ppi  scope  they  appear  as  bright  spots 
along  the  sweep  line,  giving  concen- 
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trie  circles  as  the  sweep  line  rotates. 
The  range  of  any  target  may  be 
measured  at  once  on  either  the  A- 
scope  or  the  ppi-scope  by  noting  its 
position  with  respect  to  the  markers. 

Since  the  maximum  sweep  length 
of  both  tubes  is  only  1200  microsec¬ 
onds  and  the  total  time  between  suc¬ 
cessive  r-f  pulses  is  5000  microsec¬ 
onds,  some  means  must  be  provided 
to  extinguish  both  tubes  during  the 
period  when  no  sweep  is  present. 
This  is  accomplished  by  applying  the 
square  wave  in  each  multivibrator  to 
the  cathode  of  its  scope.  The  square 
wave  turns  on  the  c-r  beam  only  dur¬ 
ing  the  time  of  each  sweep. 

R«c«Mt  Modificafieat 

After  the  AN/TPS-3  had  been  in 
production  for  some  time,  field  re¬ 
ports  indicated  that  certain  changes 
would  be  desirable.  The  most  impor¬ 
tant  of  these  was  some  means  of  pro¬ 
tecting  the  operator,  since  it  devel¬ 
oped  that  radar  antennas  were  a 
favorite  target  for  strafing  enemy 
planes.  Accordingly,  Evans  Signal 
Laboratory  designed  and  produced  a 
pedestal  upon  which  the  antenna 
could  be  mounted  100  feet  from  the 
set.  This  pedestal  contained  only  the 
antenna  drive  motor,  the  rotary 


FIG.  9 — TPS-3  with  separation  kit  in  place.  The  antenna  at  left  is  the  iff  radiator. 

used  to  identify  friendly  planes 


transformer  and  a  means  of  con¬ 
necting  r-f  power  to  the  antenna.  It 
was  connected  to  the  radar  set  by  a 
control  cable  and  flexible  50-ohm  ca¬ 
ble  of  large  enough  diameter  to  carry 
the  peak  r-f  power.  This  allowed  the 
set  itself  and  the  operators  to  be  dug 
into  a  fox  hole  or  any  other  available 
shelter  leaving  the  antenna  unre¬ 
stricted.  Fig.  9  is  a  photograph  of  a 
test  setup  showing  the  separation  kit. 
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Pioximity  Fuzes 


FIG.  1 — Two  examples  oi  the  artillery-type  fuze.  The  antenna  is  the  conical  segment 
in  the  nose,  insulated  from  the  fuse  proper  by  a  rugged  plastic 


The  recent  relaxation  of  security 
regulations  by  the  Army  and 
Navy  on  the  VT  (radio  proximity) 
fuze  now  permits  the  presentation  of 
the  engineering  problems  involved  in 
the  design  and  production  of  this 
device  which  may  be  of  interest  to 
electronic  and  radio  engineers. 

Fundamental  Circuit  Problems 

The  design  of  the  antenna  for  the 
proximity  fuze  must  be  very  closely 
coordinated  with  oscillator  and  de¬ 
tector  designs.  Aside  from  the  load¬ 
ing  of  the  oscillator  and  detector  the 
antenna  must  be  such  that  it  will 
radiate  the  energy  from  the  oscilla¬ 
tor  in  the  proper  direction.  The  re¬ 
quirement  is  that  the  energy  from 
the  antenna  be  concentrated  in  a 
beam  whose  shape  roughly  matches 
the  fragmentation  pattern  of  the  pro¬ 
jectile.  The  shape  of  this  radiation 
pattern  depends  upon  the  size  and 
placement  of  the  antenna  as  well  as 
the  dimensions  of  the  projectile  and 
the  frequency.  Antenna  radiation 
patterns  for  proximity  fuzes  were 
shown  and  discussed  in  some  detail 
in  a  prior  article.' 


The  usual  arrangement  was  to 
have  the  nose  of  the  fuze  made  of 
an  insulating  material  with  the  an¬ 
tenna  in  the  form  of  a  conical  metal 
piece  mounted  directly  in  the  nose. 
Bakelite,  polystyrene,  methyl-meth¬ 
acrylate,  and  ethyl  cellulose  plastics 
were  used  as  insulation  in  various 
models.  The  latter  material  was  used 
most  extensively,  because  its  extreme 
toughness  would  better  resist  the 
rough  handling  given  the  fuzes  in 
the  ammunition  hoists  and  loading 
mechanisms.  This  designation  of  the 
nose  cap  as  the  “antenna”  is  admit¬ 
tedly  arbitrary,  since  currents  are 
induced  in  the  metal  body  of  the 
projectile  itself,  causing  it  to  radi¬ 
ate  energy  which  combines  with  that 
from  the  cap  to  form  the  resulting 
pattern  of  energy  in  space.  The  first 
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fuzes  which  were  used  against  Jap¬ 
anese  planes  by  the  United  States 
Navy  had  an  external  cast  aluminum 
cap  for  an  antenna  as  shown  in  Fig. 
IB.  This  proved  to  be  undesirable 
mechanically,  and  was  soon  super¬ 
seded  by  a  molded-in  metal  insert 
which  can  be  seen  through  the  trans¬ 
parent  plastic  in  Fig.  lA. 

A  simple  one-tube  oscillator  is  pro¬ 
vided  for  the  transmitter  of  the  fuze. 
The  energy  radiated  by  the  antenna 
strikes  the  target  and  is  reflected 
back  and  picked  up  on  the  transmit¬ 
ting  antenna.  It  is  then  detected  and 
amplified  to  provide  the  signal  for 
triggering  the  fuze.  A  separate  de¬ 
tector  may  be  used,  but  in  the  artil¬ 
lery  fuze,  space  was  at  such  a  pre¬ 
mium  that  the  oscillator  used  for 
transmitting  was  also  used  as  the 
detector.  This  is  essentially  a  regen¬ 
erative  detector.  If  an  oscillator  is 
connected  to  an  antenna,  an  object 
moving  into  the  radiated  field  will 
cause  a  change  in  plate  current  of  the 
oscillator  tube.  This  change  in  cur¬ 
rent  will  cause  a  voltage  to  appear 
across  any  impedance  in  the  plate 
circuit.  A  conventional  type  of  Hart¬ 
ley  oscillator,  such  as  is  used  in  other 
radio  applications,  is  shown  in  Fig. 
2,  with  an  impedance  Z  in  its  plate 
circuit. 

Operation  of  the  fuze  circuit  is 
comparable  in  principle  to  a  number 
of  suggested  alarm  systems  in  which 
a  standing-wave  pattern  is  set  up  in 
the  area  to  be  protected.  Movement 
of  a  person  in  the  area  changes  the 
loading  on  the  transmitter  or  a  re¬ 
ceiver,  oi)erating  an  alarm  actuated 
by  changes  in  plate  current.  The 
proximity  fuze  differs  in  that  an 
alternating  current  appears  at  the 
plate  circuit  impedance,  Z,  owing  to 
the  Doppler  effect,  as  the  projectile 
approaches  the  target. 

Even  in  the  case  where  the  projec¬ 
tile  is  approaching  a  good  reflecting 
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for  Artillery 


The  artillery  fuze,  unlike  the  bomh  and  rocket  fuzes  previously  described,  must  withstand 
the  acceleration  of  gunfire,  up  to  20,000  times  that  of  gravity.  Circuits  and  components  to 

meet  this  requirement  are  described 


surface  such  as  the  ground,  or  salt 
water,  the  signal  developed  across 
the  oscillator  plate  impedance  is  not 
sufficient  to  operate  the  thyratron 
reliably.  It  is  therefore  necessary  to 
amplify  this  signal,  and  this  may  be 
done  in  an  amplifier  utilizing  either 
pentode  or  triode  tubes  depending 
upon  the  gain  required.  Adjustments 
of  amplifier  gain,  of  course,  deter¬ 
mine  to  a  considerable  extent  the 
sensitivity  of  the  fuze  in  the  pres¬ 
ence  of  nearby  objects.  Such  an  am¬ 
plifier  can  be  also  peaked  to  elimi¬ 
nate,  or  minimize,  tube  microphon¬ 
ics  and  extraneous  noise.  For  small 
size  and  compactness,  a  resistance- 
coupled  amplifier  may  be  used.  A 
conventional  amplifier  of  this  type  is 
shown  in  Fig.  2. 

It  is  necessary  for  the  incoming 
signal  to  operate  an  electric  blasting 
cap  which  in  turn  sets  off  an  auxili¬ 
ary  detonator  which  then  explodes 


TWO  TYPES  OF  VT  FUZE 

The  generator-type  proximity  fuze,  de¬ 
scribed  by  Drs.  Huntoon  and  Miller  in  the 
December  issue,  was  designed  for  low- 
acceleration  projectiles,  such  as  rockets, 
and  bombs,  by  the  Ordnance  Develop¬ 
ment  Division  of  the  Bureau  of  Standards. 
The  battery-operated  fuze,  described 
here  by  Dr.  Selvidge,  is  intended  for  the 
high-acceleration  projectiles,  such  as 
howitzers  and  anti-aircraft  shells.  It  was 
designed  by  Section  T  of  the  OSRD  at 
Johns  Hopkins.  While  the  principles  of 
operation  are  the  same,  the  two  fuzes 
represent  radically  different  design  prob¬ 
lems. 


the  main  charge.  The  time  for  this 
complete  series  of  operations  is  less 
than  one  millisecond.  The  electric 
detonator  is  fired  by  means  of  a  thy¬ 
ratron,  operating  as  a  switch,  which 
connects  the  plate-supply  voltage 
through  the  detonator.  The  thyra¬ 
tron  grid  is  normally  biased  several 
volts  negative  to  prevent  its  conduct¬ 


ing  in  the  absence  of  a  signal.  The 
incoming  signal  from  the  amplifier 
is  impressed  on  the  thyratron  grid 
and  when  its  peak  value  has  driven 
the  thyratron  grid  sufficiently  toward 
the  positive  region,  the  thyratron 
ionizes,  passing  current  through  the 
detonator  and  exploding  it. 

Figure  2  shows  a  typical  firing  cir¬ 
cuit  with  a  capacitor  C,  and  a  re¬ 
sistor  Rb,  in  the  thyratron  plate  cir¬ 
cuit.  This  RC  combination  is  a  safety 
feature  which  keeps  the  fuze  inoper¬ 
ative  for  a  short  interval  at  the  be¬ 
ginning  of  flight.  Before  the  projec¬ 
tile  is  fired,  the  capacitor  has  no 
charge,  and  the  battery  voltage  is 
zero.  Voltage  is  applied  at  the  mo¬ 
ment  of  shooting  and  the  capacitor 
starts  to  charge.  The  thyratron  can¬ 
not  conduct  and  fire  the  detonator 
until  the  voltage  on  the  capacitor  has 
risen  to  a  predetermined  value.  This 
can  be  controlled  by  changing  the 


FIG.  2 — Schematic  of  the  four-tube  frixe  circuit  consisting  of  a  transmitter-detector,  two-stage  audio  amplifier  and  thyratron  switch.  Cir¬ 
cuit  Talues  hare  not  yet  been  released 
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FIG.  3 — Testing  station  near  Albuquerque.  N.  M.  showing  cdrcrait  suspended  between  towers  for  firing  tests  of  anti-aircraft  fuzes 


RC  time  constant  of  the  circuit  and 
affords  an  electrical  delay  safety 
feature. 

Fuse  Testing 

Quality  control  and  engineering 
tests  were  carried  on  at  a  proving 
ground  operated  by  the  University 
of  New  Mexico,  near  Albuquerque. 
Actual  airplanes,  allied  and  enemy, 
were  suspended  between  tall  masts, 
as  shown  in  Fig.  3,  and  shot  at  with 
proximity-fuzed  ammunition.  These 
tests  showed  both  the  sensitivity 
pattern  in  space  of  the  fuze  and 
vulnerability  of  various  aircraft 
types. 

Since  laboratory  tests  could  not 
exactly  simulate  the  conditions  of 
actual  firing  from  a  gun,  fuze-oper¬ 
ated  projectiles  were  fired  almost 
vertically,  later  falling  to  the  ground 
base  first.  When  the  shells  had  been 
dug  out,  an  autopsy  was  performed 
upon  the  fuze  to  determine  causes  of 
failpre.  The  projectiles  carried  a 
small  smoke  ptiff  which  was  set  off 
by  proximity  of  the  fuze  to  the 
ground  to 'indicate  successful  opera¬ 
tion  without  destruction  of  the  fuze. 

In  the  proximity  fuze  for  artillery 


use  it  was  quickly  realized  that  the 
heart  of  the  device  is  the  rugged 
tube.  Such  problems  as  packaging 
and  power  supplies  seemed  to  be  cap¬ 
able  of  easy  solution  when  compared 
with  the  job  of  making  radio  tubes 
strong  enough  to  withstand  accelera¬ 
tions  of  20,000g  (g  =  32  ft/sec/sec) 
when  fired  from  a  gun.  It  was  neces¬ 
sary  to  achieve  almost  100  percent 
tube  operability  if  a  reliable  fuze 
were  to  be  constructed  containing 
four  or  five  tubes,  and  it  was  some 
14  months  after  the  first  tests  were 
started  before  a  satisfactory  rugged 
tube  was  in  production.  The  tubes 
which  were  finally  put  into  large 
scale  manufacture  were  designed 
completely  from  the  beginning  to  be 
used  in  the  proximity  fuzes.  The 
successful  engineering  of  their  me¬ 
chanical  parts  was  accomplished  by 
applying  the  same  principles  of  dy¬ 
namic  design  and  stress  analysis 
which  are  used  in  the  construction  of 
bridges,  skyscrapers,  and  other  large 
structures.  The  stresses  and  deflec¬ 
tions  of  every  part  in  the  tube,  how¬ 
ever  minute,  were  carefully  computed 
as  well  as  measured. 

In  the  barrel  of  the  gun  the  fuze 


must  withstand  an  axial  acceleration 
of  3,000g  to  16,000g,  the  lower  values 
being  encountered  in  howitzers  and 
the  higher  in  anti-aircraft  projec¬ 
tiles.  The  fuzes  were  designed  to 
withstand  acceleration  in  excess  of 
20,000g.  Since  the  fuze  does  not  op¬ 
erate  until  after  it  leaves  the  gun,  it 
is  not  necessary  that  the  tubes  be 
operative  during  the  high  accelera¬ 
tions  experienced  at  the  moment  of 
shooting.  The  decrease  in  velocity 
after  the  projectile  leaves  the  gun 
subjects  it  to  a  very  small  decelera¬ 
tion  along  its  axis.  However  spin 
causes  a  radial  acceleration  of  800g 
to  3,000g  to  be  experienced  through¬ 
out  the  flight,  and  it  is  necessary  for 
the  tube  to  be  operative  while  this 
acceleration  is  applied.  Its  effect  is 
kept  to  a  minimum  by  placing  the 
tubes  as  close  to  the  axis  of  the  pro¬ 
jectile  as  possible.  Figure  4  shows 
some  of  the  t3rpes  of  rugged  tubes 
which  were  developed  for  artillery 
fuzes.  In  the  fuzes  they  are  mounted 
in  close-fitting  rubber  cups. 

The  secret  of  making  a  tube  with 
a  glass  envelope  which  will  withstand 
20,000g  lies  partly  in  the  method  of 
mounting  in  the  fuze,  and  partly  in 
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the  meticulous  elimination  of  glass  I 
strains  and  careful  control  of  glass  | 
quality  during  the  manufacturing  j 
process.  j 

Eketrieol  Charaef«ristict  ^ 

With  the  exception  of  the  low  mi-  J 
crophonics  and  the  electrical  charac-  [ 
teristics  of  the  thyratron,  the  elec-  | 
trical  performance  of  the  rugged 
tubes  is  not  particularly  spectacular  , 
when  compared  with  larger  types. 
The  requirement  that  the  fuze  be 
capable  of  operation  within  one  or 
tw’o  seconds  after  firing  from  the  gun 
made  it  impossible  to  use  indirectly  | 
heated  cathodes.  The  filament  was  j 
stretched  very  tightly  to  reduce  mi-  ’ 
crophonics  to  a  minimum  and  these  i 
tubes  are  among  the  most  non-micro-  i 
phonic  filamentary  types  ever  made.  '■ 

Static  characteristic  curves  for  the 
pentode  are  shown  in  Fig.  5.  It  will  ; 
be  seen  that  this  is  not  a  particularly 
good  pentode  and  much  better  elec-  | 
trical  characteristics  could  have  been 
built  into  this  small  envelope  had  this 
been  necessary.  However  the  general 
policy  in  the  tube  development  was  to 
make  the  tubes  only  good  enough  to 
perform  the  purpose  for  which  they 
were  intended  and  no  effort  was  made 
to  make  them  generally  useful  for 
other  applications.  Some  advantage 
was  taken  of  the  fact  that  the  tube 
life  required  was  only  a  matter  of 
minutes,  but  the  pentodes,  for  exam¬ 
ple,  are  capable  of  several  hundred 
hours  of  operation. 

In  order  for  the  thyratron  to  fire 
the  electric  detonator  it  was  neces¬ 
sary  for  it  to  pass  two  or  three  am¬ 
peres  peak  current  into  a  load  of  ap¬ 
proximately  10  ohms.  The  normal 
battery  current  used  in  heating  the 
filament  is  less  than  1/10  of  this 
peak  value  and  is  not  sufficient  to 
supply  this  large  current  surge.  It  is 
only  through  the  formation  of  a  hot 
spot  on  the  filament  surface  that  the 
emission  is  sustained,  even  for  a 
brief  period  of  time.  This  hot  spot 
is  formed  as  a  result  of  bombard¬ 
ment  by  heavy  positive  ions.  The  arc 
does  not  last  long  enough  to  bum  out 
the  filament  or  impair  its  strength. 

On  account  of  the  small  size  and 
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FIG.  4 — Diiferent  tubes  (fiTe  maniifacturers  are  represented)  used  in  the  artillery- 
type  fuze.  In  use  the  tubes  are  mounted  in  rxibber  cups.  In  all.  130  million  of  these 

tubes  were  manufactured 


FIG.  S— Typical  plate  characteristic  oi  the 
pentode  used  for  audio  amplification  In 
the  fuse.  The  operofing  fife  need  only  be  a 
few  minutes;  actually  it  Is  several  hundred 
hours 
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minute  clearances  in  the  structure 
of  these  tubes,  the  problem  of  pre¬ 
venting  leakage  between  elements 
was  of  particular  importance.  Leak¬ 
age  can  occur  both  internally  along 
the  micas,  and  externally  along  the 
glass,  especially  in  the  presence  of 
corrosion  or  foreign  material.  The 
usual  effect  of  such  leakage  in  thyra- 
trons  is  to  change  the  striking  volt¬ 
age  of  the  tube,  making  it  more  sen¬ 
sitive.  The  reason  for  this  can  be 
understood  by  reference  to  Fig.  6. 
Here  is  shown  a  thyratron  with  leak¬ 
age  resistance  from  plate  to  filament 
/?„  leakage  from  plate  to  grid  R,  and 
from  grid  to  filament  Rs.  The  circuit 
also  includes  a  plate  battery,  bias 
battery,  and  external  grid  resistance 
Rg.  The  leakage  resistances  Ri,  R„ 
and  may  be  either  internal  or  ex¬ 
ternal  or  a  combination  of*both.  The 
leakage  from  plate  to  filament  Ri  be¬ 
ing  directly  across  the  tube  has  no 
effect  upon  the  striking  voltage. 
However  R^  plus  R.^  paralleled  by  Rg 
forms  a  voltage  divider  across  the 
positive  plate  supply  w’hich  will  raise 
the  grid  to  a  more  positive  potential, 
depending  upon  the  ratio  of  the  plate- 
to-grid  and  grid-to-filament  resist¬ 
ances. 

If  the  external  resistance  Rg  in  the 
grid  circuit  is  very  large,  the  net 
positive  voltage  applied  to  the  grid 
from  this  voltage  divider  action  may 
be  quite  large,  and  very  considerable 
negative  grid  bias  may  be  required 
to  prevent  the  tube  from  firing  con¬ 
tinuously.  It  will  thus  be  seen  that 
the  total  resistance  permissible  in 
the  external  grid  circuit  of  the  thy¬ 
ratron  is  limited  by  the  control  that 
can  be  exercised  at  the  factory  over 
the  internal  leakage  between  the  ele¬ 
ments  of  the  tubes.  The  value  of  Rs 
is  less  important  than  R.,  since  it  is 
always  shunted  by  the  external  re¬ 
sistance  Rg. 

A  negative  grid  bias  of  several 
volts  was  normally  applied  to  the  thy¬ 
ratron  grid  to  prevent  firing  until  it 
was  overcome  by  a  sufficiently  large 
applied  signal  voltage.  Figure  7 
shows  a  characteristic  curve  of  strik¬ 
ing  voltage  for  values  of  plate  and 
grid  bias  voltage  of  a  typical  thyra¬ 
tron. 

Tube  Testing 

The  mechanical  quality  control  of 
rugged  tubes  in  large  scale  produc¬ 
tion  presented  problems  not  hereto¬ 


fore  encountered  in  ordinary  tube 
manufacture.  The  problem  of  train¬ 
ing  operators  and  inspectors  and  in¬ 
stituting  a  schedule  of  rigid  inspec¬ 
tion  for  mechanical  defects  during 
the  process  of  manufacture  was  a 
tremendous  job  in  itself.  An  overall 
check  on  mechanical  quality  at  the 
tube  factory  was  obtained  by  the  use 
of  centrifuges.  Each  of  the  130,000,- 
000  tubes  manufactured  was  tested 
in  a  centrifuge  at  the  factory  under 
a  force  in  excess  of  20,000g  along 
the  axis  of  the  tube.  Electrical  tests 
which  followed  this  centrifuging  then 
weeded  out  tubes  which  failed  to 
withstand  the  high  acceleration.  Be¬ 
cause  of  excellent  quality  control  dur¬ 
ing  manufacture,  rejects  at  this  point 


PIG.  6 — Simplified  schematic  of  the  thyra¬ 
tron  firing  circuit,  showing  leakage  paths 
in  the  grid  circuit.  Careful  control  of  grid 
leakage  was  required  to  stabilize  operation 
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FIG.  7 — Control  grid  characteristic  of  a 
typical  filamentary  thyratron.  At  a  plate 
voltage  of  about  90  volts,  the  discharge 
is  withheld  by  a  bias  of  about  — 3  volts 


seldom  were  in  excess  of  3  percent. 
It  was  found  however  that  the  grad¬ 
ual  acceleration  obtained  in  the  cen¬ 
trifuge  was  not  the  equivalent  of 
shooting  the  tubes  out  of  a  gun 
although  the  numerical  value  of  the 
acceleration  was  the  same.  This  is  a 
typical  example  of  the  differences 
often  encountered  between  static  and 
dynamic  testing  methods. 

To  insure  that  the  tubes  would  be 
satisfactory  when  fired  in  guns,  a 
sample  was  obtained  daily  from  each 
shift  at  each  tube  plant  and  sent  to 
the  Section  T  central  laboratory  for 
such  a  test.  There  the  tubes  were 
checked  electrically  and  then  shot 
from  guns,  at  20,000g  acceleration, 
without  being  connected  in  circuits 
or  otherwise  electrically  operated  dur¬ 
ing  flight.  The  inert  projectiles  car¬ 
rying  the  tubes  were  recovered  from 
the  ground  and  the  tubes  then  checked 
again  electrically  to  make  sure  that 
no  mechanical  defects  had  occurred. 
Every  tube  which  failed  this  test  was 
examined  to  determine  the  cause  of 
failure  and  a  report  made  to  the  man¬ 
ufacturer  describing  the  difficulty. 
Several  hundred  thousand  tubes  were 
shot  for  this  mechanical  quality  con¬ 
trol  testing.  However  this  was  a  very 
small  percentage  of  daily  production, 
and  it  was  necessary  to  adhere  strictly 
to  principles  of  statistical  quality  con¬ 
trol  in  the  operation  of  these  tests. 
If  more  than  a  small  percentage  of 
the  tubes  of  a  given  batch  showed 
failures,  the  lot  was  rejected. 

Batteries 

While  wind-driven  generators  were 
used  on  the  bomb  and  rocket  fuzes, 
the  artillery  projectiles  used  battery 
power.  The  electrical  requirements 
for  these  batteries  were  that  they  be 
capable  of  delivering  approximately 
90  volts  for  plate  supply,  7.5  volts 
thyratron  bias  and  approximately  1.3 
volts  for  filament  supply.  As  in  the 
case  of  other  circuit  components  the 
two  primary  requisites  were  rugged¬ 
ness  and  small  size.  The  first  bat¬ 
teries  which  were  successfully  used 
were  dry  batteries,  the  B  and  C  sup¬ 
ply  being  formed  of  modified  cell 
stacks  from  conventional  small  hear¬ 
ing-aid  batteries.  Pen-lite  cells  were 
the  source  of  filament  power.  Some 
difficulties  were  encountered  in  mak¬ 
ing  sufficiently  rugged  connections 
between  cells  in  the  stacks,  but  the 
principal  problem  in  the  dry  battery 
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was  its  relatively  short  shelf  life,  par¬ 
ticularly  when  stored  under  the  trop¬ 
ical  conditions  of  the  South  Pacific. 

The  solution  of  the  shelf  life  prob¬ 
lem  was  found  in  the  development  of 
a  so-called  reserve  battery.  This  is 
a  wet  battery  in  which  the  electrolyte 
is  contained  in  a  glass  ampoule  so 
that  it  is  not  in  contact  with  the 
plates  until  the  shock  of  firing  breaks 
the  ampoule.  The  spin  of  the  projec¬ 
tile  then  distributes  the  electrolyte 
through  the  cells  of  the  battery.  The 
electrical  advantages  of  this  are  con¬ 
siderable,  since  it  gives  long  shelf 
life,  and  the  inherent  nature  of  the 
wet  battery  permits  much  heavier 
current  drain.  The  internal  construc¬ 
tion  of  this  battery  is  shown  in  cross 
section  in  Fig.  8. 

As  in  the  case  of  the  rugged  tubes, 
special  shooting  tests  with  post  mort- 
ems  were  made  daily  on  samples  of 
batteries,  as  a  quality  control  test. 

Testing  methods  for  dry  batteries 
were  quite  conventional  but  it  was 
not  possible  to  perform  an  electrical 
test  on  the  reserve  battery  without 
destroying  it.  Here  again,  careful 
application  of  statistical  quality  con¬ 
trol  methods  was  necessary  in  order 
to  insure  adequate  control  of  battery 
characteristics.  An  important  char¬ 
acteristic  of  the  reserve  battery 
which  required  checking  was  the  ac¬ 
tivation  time.  That  is  the  time  re¬ 
quired  after  firing  for  the  electrolyte 
to  fiow  completely  through  the  bat¬ 
tery  and  cause  voltage  to  be  delivered 
to  the  fuze. 

Poekagiag 

from  about  12  to  8  inches  and  the 

The  space  requirements  for  the  size  proportionately  as  shown  in  Fig. 
radio  proximity  fuze  for  artillery  lA. 

projectiles  were  very  stringent.  It  No  chassis  was  used  in  the  con- 
was  necessary  to  design  fuzes  for  struction  of  these  fuzes.  The  tubes 
guns  as  small  as  the  75mm  and  every  were  mounted  in  close  fitting  rubber 
cubic  inch  of  space  required  for  the  cups  near  the  center  of  the  electronic 
fuze  meant  tJiat  much  less  explosive  bundle.  Resistors  and  capacitors  were 
in  the  projectile.  This  situation  was  then  wired  together  in  sub-assem- 
particularly  critical  in  long  slender  blies  and  wrapped  around  the  central 
projectiles,  since  they  already  had  rubber  cups  containing  the  tubes, 
too  little  explosive  in  the  nose.  In  the  The  resistors  and  capacitors  were 
original  design  shown  in  Fig.  IB,  the  temporarily  held  in  place  by  means 
oscillator  and  associated  parts  were  of  drops  of  wax  or  by  rubber  bands, 
contained  in  the  conical  nose  with  the  After  all  connections  were  made,  the 
amplifier  and  thyratron  located  in  a  .  electronic  parts  were  placed  in  the 
separate  cylindrical  container  be-  plastic  nose  and  all  the  air  spaces 
neath  it,  the  battery  on  the  bottom,  filled  by  potting  with  wax.  A  ter- 
This  design  was  later  simplified  with  minal  plate  with  8  pins  was  provided 
all  the  electronic  parts  in  the  nose  at  the  bottom  of  the  electronic  assem- 
and  the  battery  in  the  cylinder  just  bly  to  afford  a  method  of  connecting 
beneath  it.  This  reduced  the  length  with  the  mating  socket  element 
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FIG.  8 — Internal  structure  of  the  artillery  type  fuse.  When  the  fuze  is  fired,  the 
ampoule  is  crushed  against  the  "breaker."  Thereafter  centrifugal  force  spreads 
electrolyte  through  the  battery  structme,  which  energizes  the  circuits 


mounted  on  the  top  of  the  battery. 
Conventional  quarter-watt  resistors 
were  used  as  circuit  elements  but  it 
was  necessary  to  have  especially 
small  paper  capacitors  made  in  order 
to  fit  in  the  available  space.  Since 
the  maximum  voltages  encountered 
were  very  low,  it  was  possible  to  make 
capacitors  for  this  use  that  were 
quite  small  in  size.  A  four-tube  cir¬ 
cuit  similar  to  that  shown  in  Fig.  2 
occupies  a  volume  of  approximately 
2.2  cubic  inches. 

The  author  wishes  to  express  his 
appreciation  to  the  many  members  of 
the  Applied  Physics  Laboratory  who 
contributed  numerous  suggestions 
and  assisted  in  the  preparation  of 
this  information. 
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The  SCR-584  Radai 

Details  of  the  circuits  for  timing  echoes  to  0.01  microsecond,  the  deflection  system  for 
plan  position  indicator,  and  the  automatic  antenna-positioning  gear  are  presented  in  this 

final  installment 


The  elements  of  the  SCR-584 
not  previously  described  are  the 
range  system,  the  plan-position  indi¬ 
cator  system  and  the  antenna  posi¬ 
tioning  system. 

The  range  system  is  employed  to 
measure  the  distance  to  the  target 
to  a  dynamic  accuracy  of  plus  or 
minus  25  yards.  The  ppi  presents  a 
plan  view  of  all  targets  within  range 
during  the  search  phase  of  the  radar 


operation.  The  antenna  positioning 
system  employs  the  error  signal  de¬ 
veloped  in  conical  scanning  to  direct 
the  radiator  to  the  target  to  an  ac¬ 
curacy  of  0.06  degree. 

Raige  Syst*iii 

The  basic  function  of  the  range 
system,  measuring  the  interval  be¬ 
tween  transmission  and  reception  of 
the  pulses,  is  performed  by  a  timing 


unit,  the  block  diagram  of  which  is 
shown  in  Fig.  1.  The  fundamental 
timing  source  is  a  quartz  crystal, 
operating  at  81.95  kc.  One  complete 
cycle  of  this  frequency  corresponds 
to  the  echo  interval  from  a  target  at 
2000  yards.  Frequency  dividing  cir¬ 
cuits  are  employed  to  convert  the 
81.95  kc  frequency  to  1707  cps,  whose 
period  corresponds  to  a  range  of 
32,000  yards.  These  two  range  inter¬ 


ne.  1 — ^Block  diagroon  ol  the  SCR-584  range  system  which  measures  the  time  interrol  between  the  transmission  of  pulses  and  re 
ception  of  pulse  echoes,  displaying  this  information  in  terms  of  yards  on  two  type-J  indicator  tubes 
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SCR-784  radar,  like  SCR-584  electrically, 
but  moiuted  on  water-proof  carriage 
which  con  be  floated  ashore  on  an  as¬ 
sault  landing.  The  operators  are  pro¬ 
tected  by  the  tent  flap.  Total  weight 
12.000  pounds 


a  radial  pulse  at  about  13,000  yards. 
A  hairline,  manipulated  by  the  radar 
operator,  is  set  over  this  echo.  This 
adjustment  controls  a  delay  circuit 
which  selects  the  sweep  interval  on 
the  fine  range  scope.  In  the  case 
shown,  the  sweep  interval  is  between 
12,000  and  13,000  yards.  The  fine 
range  scope  reveals  that  the  leading 
edge  of  the  target  echo  is  410  yards 
beyond  the  12,000  yard  mark,  that  is, 
the  actual  range  is  12,410  yards.  The 
hairline  pointer  on  the  fine  range 
scope  is  geared  mechanically,  as 
shown  in  Fig.  3,  to  the  hairline  on  the 
coarse  scope,  through  a  16-to-l  gear¬ 
ing  arrangement. 

The  pulse  sequence  which  coordi¬ 
nates  the  indicator  sweeps  with  the 
transmitted  pulses  is  shown  in  Fig.  4. 
The  range  unit  generates  the  trans¬ 
mitter  trigger  pulse,  shown  at  the 


FIG.  2 — The  two  Indicator  screens,  for  determining  coarse  and  fine  range.  The 
coarse  screen  shows  the  transmitted  pulse  at  sero  yards,  echoes  caused  by  known 
obiects  near  the  radar  and.  in  this  example,  a  target  liut  \mder  13.000  yards. 
The  fine  range  scope,  serring  as  a  yemier.  reyeals  that  target  range  is  12.410 

yards 


vals,  2000  and  32,000  yards,  are  dis¬ 
played  on  two  cathode-ray  indicator 
tubes,  the  sweeps  of  which  are  gen¬ 
erated  directly  by  the  81.95-kc  and 
1707-cps  waves.  The  32,000-yard 
scope  (coarse  range  indicator)  in¬ 
dicates  the  range  to  the  nearest  2000 
yards  and  the  2000-yard  scope  (fine 
range  indicator)  is  employed  to  in¬ 
terpolate  within  this  interval. 

The  two  indicator  screens  are 
shown  in  Fig.  2.  The  sweep  trace  is 
circular  in  form,  being  formed  by 
applying  two  sinuosidal  deflection 
voltages,  displaced  in  phase  by  90  de¬ 
grees,  to  the  horizontal  and  ’vertical 
deflection  plates.  The  Lissajous  fig¬ 
ure  produced  by  this  combination  of 
waves  is  a  circle.  The  pulses  are  im¬ 
posed  on  the  circular  trace  by  radial 
deflection,  as  shown  in  the  figure. 
The  pulse  voltage  is  applied  to  an 
electrode  which  extends  along  the 
axis  of  the  tube  and  terminates 
through  a  seal  at  the  center  of  the 
screen.  The  coarse  range  scope  re¬ 
veals  the  transmitted  pulse  at  zero 
yards,  as  well  as  echoes  (clutter) 


arising  near  the  radar.  A  typical 
target  echo  is  shown  in  the  figure  as 
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trigger  output  occurs  at  81.95/48  = 
1707  cps.  The  trigger  selector  also 
sharpens  the  leading  edge  and 
shortens  the  trigger  to  1.5  micro¬ 
seconds  width.  The  trigger  output 
then  passes  to  the  transmitter  sys¬ 
tem  (driver  and  modulator,  see  Part 
I,  November  1945  Electronics)  and 
to  the  ppi  system,  as  described  later. 

A  second  output  of  the  trigger 
generator  leads  to  the  frequency 
divider  chain,  consisting  of  three  cas¬ 
caded  multivibrators,  which  intro¬ 
duce  successive  divisions  of  4,  4,  and 
3  or  a  total  of  48.  After  the  first  two 
stages  (division  by  16)  the  5.12  kc 
signal  is  conveyed  to  an  amplifier  and 
phase-shifting  transformer  which  de¬ 
velops  the  quaradature  sweep  volt¬ 
ages  for  the  coarse  sweep.  The  1707- 
cps  output  of  the  third  multivibrator 
is  clipped  to  produce  a  rectangular 
wave  of  585.6  microseconds  duration, 
from  which  the  wide  gate,  narrow 
gate,  and  trigger  selector  pulses  are 
derived. 

The  leading  edge  of  this  685.6- 
microsecond  wave  initiates  the  action 
of  three  delay  multivibrators,  which 
react  by  forming  rectangular  waves 
of  adjustable  width.  In  the  case  of 
the  narrow  gate  the  width  of  the  de¬ 
lay  wave  may  be  adjusted  from  0  to 
195  microseconds  by  adjusting  the 
bias  on  one  of  the  grids  of  the  multi¬ 
vibrator.  A  potentiometer  geared  to 
the  hairline  of  the  coarse  range  scope 
provides  this  bias,  and  the  width  of 
the  delay  wave  is  thereby  determined 
by  the  setting  of  the  coarse  hairline. 
The  trailing  edge  of  the  delay  w’ave 
triggers  off  another  multivibrator 
(narrow  gate  width)  which  produces 
a  rectangular  wave  adjustable  in 
width  from  0  to  100  microseconds. 
This  width  is  set  at  about  3  micro¬ 
seconds  and  not  thereafter  changed. 
By  this  sequence  of  operations  a  nar¬ 
row  gate  pulse  of  fixed  width  but  of 
adjustable  time  of  occurrence  is  ob¬ 
tained.  The  narrow  gate  is  there¬ 
after  employed  to  brighten  the  fine 
range  sweep  and  a  corresponding 
portion  of  the  ppi  sw^eep,  as  well  as 
to  control  the  gain  of  the  servo  chan¬ 
nel  in  the  receiver  as  previously 
described. 

A  similar  combination  of  two 
multivibrators  produces  the  wide 
gate  pulse,  corresponding  to  an  in¬ 
terval  of  32,000  yards  and  adjustable 
in  time  over  a  range  of  50  micro¬ 
seconds.  This  adjustable  delay  is 
Thus  the  employed  to  line  up  the  wide  gate 


FIG.  3 — The  hairline  pointer  on  the  fine-range  scope  is  geared  to  the  hairline 
on  the  coarse  scope  through  a  16-to-l  mechanical  system 


top  below  the  time  scale,  which  in 
turn  controls  the  transmitted  pulse 
and  typical  echo  signal  shown  im¬ 
mediately  below.  The  timer  also 
generates  a  wude  gate  pulse,  a  rec¬ 
tangular  wave  whose  leading  edge 
occurs  with  the  transmitted  pulse 
and  extends  for  195  microseconds 
(equivalent  to  32,000  yards).  This 
rectangular  wave,  in  positive  polar¬ 
ity,  is  applied  to  the  control  grid  of 
the  coarse  range  scope,  thus  bright¬ 
ening  the  trace  during  the  32,000- 
yard  interval.  During  the  remaining 
portion  of  the  interval  between  trans¬ 
mitted  pulses,  the  coarse  sweep  is 
blanked  out.  Finally,  the  timing  unit 
generates  a  narrow  gate  pulse,  about 
3-microseconds  long  (equals  500 
yards  range).  The  position  of  this 
narrow  gate  pulse,  relative  to  the 
wide  gate  pulse,  is  adjustable  by  a 
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with  the  transmitted  pulse.  Thus, 
when  the  wide  gate  is  applied  to 
brighten  the  coarse  range  scope,  the 
visible  portion  of  the  sweep  can  be 
made  to  include  any  desired  portion 
of  the  transmitted  pulse. 

The  final  portion  of  the  range  unit 
is  another  combination  of  delay  and 
width  multivibrators  which  produce 
the  trigger  gate.  This  is  a  1707-pps 
rectangular  wave  of  6  microseconds 
duration,  adjustable  in  time  over  a 
range  of  40  microseconds.  The  trig¬ 
ger  gate  is  applied  through  a  cathode 
follower  to  the  trigger  selector  pre¬ 
viously  mentioned.  The  trigger  gate 
opens  the  trigger  selector  for  a 
period  long  enough  to  select  one  in 
48  of  the  81.95/kc  triggers,  which 
occur  every  12.2  microseconds.  The 
40-microsecond  adjustable  delay  thus 
permits  selecting' any  one  of  three 
successive  triggers.  This  is  equiva¬ 
lent  to  adjusting  the  phase  of  the 
transmitted  pulses  relative  to  the 
sweep  voltages,  wide  and  narrow 
gates. 

In  tracking  an  aircraft  target,  the 
range  operator  turns  the  range  hand- 
wheel  so  as  to  keep  the  hairlines  on 
the  coarse  and  fine  sweeps  centered 
over  the  target  echo.  To  assist  in  ac¬ 
curate  tracking,  the  tracking  hand- 
wheel  is  motor  driven  at  a  rate  which 
is  controlled  by  the  motion  of  the 
handwheel.  In  this  system,  known 
as  aided  tracking,  motion  of  the  hand- 
wheel  is  translated  directly  into  a  The  remaining  portion  of  the  in- 
corresponding  motion  of  the  hairline,  dicating  system  is  the  plan  position 
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and  simultaneously  introduces  a  cor-  indicator  (ppi).  As  described  else- 
rection  to  the  speed  of  the  motor  where  in  this  series,  the  ppi  makes 
drive.  In  this  way  the  motor  use  of  a  radially-deflected  c-r  tube, 
drive  smoothly  and  continuously  ap-  the  direction  of  radial  motion  corres- 
proaches  the  speed  of  the  target  echo,  ponding  with  the  direction  of  the 
and  changes  in  the  target  speed  are  radiated  beam.  The  beam  starts 
followed  with  a  minimum  of  hunting,  from  the  center  of  the  tube  coinci¬ 
dentally  with  each  transmitted  pulse 
and  moves  outward  at  constant  veloc¬ 
ity.  The  target  echo  brightens  the 
beam,  causing  a  spot  of  light  to  ap¬ 
pear  at  a  position  corresponding  to 
the  range  and  azimuth  of  the  target. 
The  radiated  beam  rotates  at  6  rpm, 
so  the  c-r  screen  is  covered  completely 
in  10  seconds.  It  is  essential  that 
the  image  on  the  screen  persist  for  at 
least  this  length  of  time,  if  all  por¬ 
tions  of  the  presentation  are  to  be 
simultaneously  visible  to  the  radar 
operator. 

The  necessary  persistence  is  ob¬ 
tained  by  using  the  P7  phosphor. 
This  phosphor  has  two  layers.  The 
layer  next  to  the  electron  gun  has 
short  persistence  and  fluoresces  with 
a  brilliant  blue  light  when  the  elec¬ 
tron  beam  impinges  on  it.  The  re¬ 
maining  layer,  next  to  the  glass 
envelope,  is  excited  by  this  intial  blue 
flash  and  retains  the  image  in  the 
form  of  a  yellow  afterglow  which 
decays  exponentially  at  a  slow  rate. 
The  yellow  light  is  visible,  in  dark¬ 
ness,  for  as  much  as  a  minute  after 
the  excitation  is  removed,  and  a  sub- 
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stantial  fraction  of  the  light  remains 
after  the  10-second  interval  of  each 
rotation.  An  amber  plastic  filter  is 
placed  over  the  screen  to  remove  the 
initial  blue  dash. 

The  7KP7  c-r  tube  is  magnetically 
focused  and  deflected.  The  radial  de¬ 
flection  is  produced  by  a  stationary 
magnetic  deflection  yoke  fixed  in  posi¬ 
tion  around  the  neck  of  tube.  The 
yoke  is  provided  with  two  sets  of 
coils,  one  of  which  provides  vertical 
deflection,  the  other  horizontal  de¬ 
flection.  Sawtooth  waves  of  current 
are  applied  simultaneouly  to  these 
coils,  causing  the  spot  to  deflect  along 
a  direction  determined  by  the  rela¬ 
tive  amplitudes  of  the  vertical  and 
horizontal  component  deflections. 

The  manner  in  which  the  vertical 
and  horizontal  deflections  combine  to 
form  a  continuously  rotating  sweep 
is  illustrated  in  Fig.  5.  The  sawtooth 
waves  are  modulated  in  amplitude 
with  sinusoidal  envelopes,  the  ver¬ 


tical  and  horizontal  enevlopes  being 
90  degrees  out  of  phase.  The  num¬ 
bers  on  the  envelopes  indicate  the 
number  of  sawtooth  waves  which 
have  been  generated  at  each  point; 
only  a  few  of  the  actual  sawteeth  are 
shown,  for  clarity.  In  one  complete 
rotation,  some  16,800  radial  sweeps 
are  produced  by  as  many  saw’teeth. 

The  generation  of  the  modulated 
saw’tooth  waves  is  carried  out  in  cir¬ 
cuits  illustrated  in  Fig.  6,  w’hich  is  a 
block  diagram  of  the  ppi  unit.  The 
input,  shown  at  the  upper  left,  is  the 
trigger  generated  by  the  range  unit 
(Fig.  1),  which  also  initiates  each 
transmitted  pulse.  The  trigger  is 
first  amplified  and  then  applied  to  a 
multivibrator,  which  produces  a 
negative  rectangular  wave  whose 
length  corresponds  to  the  length  of 
the  radial  sweep. 

Two  values  of  sweep  are  provided, 
70,000  yards  and  35,000  yards,  se¬ 
lected  by  a  swdtch  which  adjusts  the 


constants  of  the  multivibrator.  The 
rectangular  wave  is  applied  to  the 
grid  of  the  saw'tooth  generator,  a 
triode  tube  across  whose  plate  and 
cathode  is  a  capacitor  connected  to  a 
high  voltage  source.  While  conduct¬ 
ing,  the  triode  short-circuits  the 
capacitor  and  no  voltage  appears 
across  it.  \Vhen  the  negative  wave 
from  the  multivibrator  appears,  how¬ 
ever,  the  triode  became  suddenly  non¬ 
conducting,  the  short  is  removed 
from  the  capacitor,  and  the  voltage 
across  it  increases.  The  charging 
voltage  is  high  enough,  and  the 
length  of  the  charging  period  short 
enough,  to  keep  the  voltage  across 
the  capacitor  substantially  linear 
during  the  sweep  period. 

The  basic  sweep  sawtooth  must 
then  be  divided  into  two  groups  and 
each  group  sinusoidally  modulated  in 
quadrature  (Fig.  5).  This  is  accom¬ 
plished  by  passing  the  sawtooth  wave 
through  a  power  amplifier-driver 


PIG.  6 — Block  diagram  of  tho  SCR-584  radar  ppi  unit.  Arrowhoads  morkod  with  tho  lottor  T  indicato  tho  iastoats  at  whidi  tho  Torioas 

uaits  oro  oporotod  by  tho  triggor  pulso  from  tho  roago  oait 
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FIG.  9 — Simplified  waveforms  present  at 
vorioiu  points  in  the  SCR-584  radar  range- 
marker  circuit 


stage  and  thence  to  the  rotor  coil  of 
a  selsyn  (three-phase  generator), 
mounted  on  the  pedestal  shaft  of  the 
radiator  pedestal.  The  selsyn  is  cap¬ 
able  of  passing  the  1707-cps  sawtooth 
waves  without  distortion  and,  in  con¬ 
sequence,  sawtooth  waves  appear 
across  each  of  the  three  stator  coils, 
as  shown  in  Fig.  7.  The  relative 
magnitudes  of  the  three  groups  of 
sawtooth  waves  depend  on  the  posi¬ 
tion  of  the  rotor  with  respect  to  the 
stator,  which  in  turn  is  determined 
by  the  direction  in  which  the  radiator 
is  pointing. 

It  is  then  necessary  to  combine  the 
sawtooth  waves  from  the  three  stator 
coils  to  form  sinusoidally  modulated 
waves  (Fig.  5).  This  is  accomplished 
by  a  resistor  network  comprising 
three  resistors,  one  of  which  is  tap¬ 
ped  about  one  third  of  the  distance 
from  the  neutral  point.  This  tap  is 
taken  as  the  common  point  (a-c 
ground)  for  the  horizontal  and  ver¬ 
tical  deflection  voltages,  which  ap¬ 
pear,  respectively,  across  the  two  up¬ 
per  terminals  of  the  Y-network  as 
shown.  In  this  manner,  the  three  sets 
of  sawtooth  waves,  modulated  sinu¬ 
soidally  with  envelopes  120  degrees 
out  of  phase,  are  converted  to  two 
sets  of  waveq,  modulated  with  envel¬ 


opes  90  degrees  out  of  phase.  The 
vector  summation  of  these  two  saw¬ 
tooth  waves  is  such  as  to  produce  a 
deflection  in  the  direction  correspond¬ 
ing  to  the  selsyn  rotor,  that  is,  the 
direction  of  the  radiator. 

The  remaining  portions  of  the  ppi 
deflection  system  (Fig.  6)  modify  the 
sawtooth  waves  for  application  to  the 
deflection  coils.  First  the  deflections 
waves  are  amplified,  and  then  passed 
through  phase  inverter  stages  to  con¬ 
vert  to  push-pull  operation.  Push- 
pull  deflection  is  required  to  mini¬ 
mize  distortion  of  the  deflection 
waveform,  and  to  assure  good  focus 
and  linearity  at  all  parts  of  the 
screen.  The  final  push-pull  output 
amplifier  stage  in  each  case  consists 
of  a  pair  of  6L6  beam-power  tubes. 

At  the  grids  of  the  output  deflec¬ 
tion  amplifiers  6SN7  double  triodes 
are  connected  which  act  as  clamping 
circuits.  The  clamping  circuit  is  used 
to  insure  that  each  of  the  four  saw¬ 
tooth  waves  (horizontal  push-pull 
and  vertical  push-pull)  have  the 
same  starting  point,  in  time,  regard¬ 
less  of  the  amplitude  of  the  sweep, 
which  is  continually  varying  as  the 
radiator  rotates.  As  shown  in  Fig.  8, 
the  clamping  circuit  consists  of  two 
triodes  in  series,  with  the  grid  of  the 


output  deflection  amplifier  connected 
to  the  common  midpoint  of  the  com¬ 
bination.  The  grids  of  the  triodes  are 
controlled  by  the  rectangular  wave 
from  the  multivibrator.  During  the 
sweep  period,  while  the  rectangular 
wave  is  negative,  they  are  cut-off  and 
essentially  removed  from  the  circuit. 
The  grid  of  the  deflection  amplifier 
is  thus  free  to  follow  the  deflection 
waveform  applied  to  it.  At  the  con¬ 
clusion  of  the  sweep  period,  the  rec¬ 
tangular  wave  becomes  slightly  posi¬ 
tive,  and  the  clamping  tubes  are 
driven  to  full  conduction.  The  inter¬ 
nal  resistances  of  the  clamping  tubes 
then  act  as  a  voltage  divider,  and  the 
grid  of  the  output  amplifier  is  rigidly 
clamped  to  a  potential  of  -}-14  volts, 
where  it  remains  until  the  next  sweep 
period  starts.  Since  similar  clamping 
circuits  are  applied  to  the  grids  of  all 
four  output  deflection  amplifiers,  the 
sawtooth  waves  all  start  from  pre¬ 
cisely  the  same  value  of  potential  at 
the  same  instant.  This  insures  that 
the  radial  deflection  shall  start  from 
the  center  of  the  tube. 

The  remaining  portions  of  the  ppi 
system  (Fig.  6)  are  concerned  with 
modulating  the  intensity  of  the  c-r 
beam.  In  the  first  place,  the  negative 
output  wave  of  the  multivibrator  is 
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FIG. ’'10— Block  diagram  of  the  electro-mechanical  system  which  positions  the  ontenno 


passed  through  a  cathode-coupled 
sweep  intensiher  stage  and  applied, 
still  in  negative  polarity,  to  the 
cathode  of  the  electron  gun.  A  nega¬ 
tive  pulse  on  the  cathode  is  equivalent 
to  a  positive  pulse  on  the  grid,  so  the 
c-r  beam  is  intensified  during  the 
sweep  period.  During  the  remainder 
of  the  interval  between  transmitted 
pulses,  the  beam  is  blanked  out,  so 
the  beam  is  invisible  during  the  re¬ 
trace  time  and  the  rest  time  prior  to 
the  ensuing  sweep. 

Another  intensity-modulating  cir¬ 
cuit  provides  the  target  echo  (video 
signal)  from  the  receiver.  This  ar¬ 
rives  negatively  polarized,  is  inverted 
and,  after  d-c  restoration,  passed  to 
a  mixer  and  thence  to  the  control  grid 
of  the  electron  gun.  The  d-c  restorer 
is  a  diode  which  maintains  the  base 
of  the  video  waveform  at  a  fixed  bias 
level.  If  d-c  restoration  were  not 
used,  the  bias  level  would  fall  on  the 
average  of  the  video  signal  and  weak 
signals  would  be  depressed  below  the 
visible  level.  The  d-c  restorer  insures 
that  such  weak  signals  are  always 
visible.  It  also  brings  up  the  noise, 
but  the  overall  effect  on  signal-to- 


noise  ratio  is  decidedly  beneficial. 

The  final  intensity  modulation 
function  is  the  provision  of  range 
markers.  These  appear  as  concentric 
circles  on  the  ppi  screen,  spaced  at 
intervals  corresponding  to  10,000 
yards,  and  are  used  by  the  operator 
in  estimating  the  range  of  the  target 
prior  to  finding  the  target  on  the  pre¬ 
cision  range  indicator.  The  range 
circles  are  produced  by  short  positive 
pulses  applied  to  the  control  grid  of 
the  electron  gun  (Fig.  6)  at  intervals 
along  each  radial  sweep.  Since  the 
10,000-yard  interval  corresponds  to 
61  microseconds,  the  marker  pulses 
are  separated  by  this  amount,  and  are 
derived  from  a  16.4-kc  oscillator.  In 
the  interest  of  simplicity  and  accur¬ 
acy  this  marker  oscillator  is  not  a 
c-w  circuit,  but  is  a  damped  oscillator, 
shock  excited  by  the  leading  edge  of 
the  multivibrator  rectangular  wave. 
The  oscillator  consists  simply  of  a 
triode  with  a  tuned  circuit  in  its 
cathode,  and  with  the  multivibrator 
wave  applied  to  its  grid.  The  damped 
train  of  oscillations  produced  in  this 
circuit  is  passed  through  a  succession 
of  clipping  and  peaking  circuits 
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which  produce  the  waveforms  shown 
in  Fig.  9,  culminating  in  sharp  posi¬ 
tive  pulses  separated  at  61  micro¬ 
seconds.  To  these  range  markers  are 
added  the  narrow  gate  signal  from 
the  range  unit,  which  produces  an¬ 
other  range  circle  at  a  range  equal  to 
the  setting  of  the  coarse  and  fine 
hairlines.  Thus  when  a  target  is  dis¬ 
covered  on  the  ppi,  the  range  hair¬ 
lines  are  adjusted  until  the  range 
circle  falls  on  the  ppi  target  image. 
The  echo  appearing  on  the  coarse 
range  scope  then  corresponds  to  the 
selected  target  on  the  ppi. 

Antvnna  Positioning  Systom 

A  block  diagram  of  the  electro¬ 
mechanical  system  which  positions 
the  antenna  is  shown  in  Fig.  10.  As 
stated  in  Part  I  of  this  series,  the 
echo  pulses  from  the  target  are  modu¬ 
lated  sinusoidally  in  amplitude  when 


the  target  is  off  the  axis  of  the  re¬ 
flector.  This  envelope  known  as  the 
error  signal,  occurs  at  30  cps  when 
the  dipole  radiator  is  spinning  at 
1800  rpm.  The  envelope  is  removed 
from  the  video  signal  by  a  third  de¬ 
tector,  amplified  and  converted  to  a 
balanced-push-pull  output.  The  error 
signal  is  then  compared  with  refer¬ 
ence  voltages  derived  in  quadrature 
from  a  30-cps  generator  mounted  on 
the  dipole -spinner  shaft.  The  refer¬ 
ence  voltages  are  converted  to  rec¬ 
tangular  form  and  combined  with  the 
error  signal  in  two  commutator  cir¬ 
cuits,  one  for  azimuth  and  the  other 
for  elevation. 

The  commutator  circuit  consists  of 
two  double  triodes,  to  the  grids  of 
which  the  push-pull  error  signals  are 
applied  and  to  the  plates  of  which 
the  squared  reference  voltages  are 
applied.  The  cathode  current  of  each 


commutator  tube  consists  oi  segments 
of  the  error  signal  waveform,  which 
are  balanced  against  each  other.  The 
average  value  of  the  combined  output 
is  zero  when  the  error  signal  is  zero, 
and  increases  negatively  or  positively 
as  the  phase  of  the  error  signal  ad¬ 
vances  upon  or  falls  behind  the  refer¬ 
ence  voltage.  The  average  value  of 
the  combined  segments  is  developed 
in  a  low-pass  filter  and  applied  to  a 
d-c  amplifier  which  in  turn  drives  an 
intermediate  motor  generator  driv¬ 
ing  the  azimuth  and  elevation-posi¬ 
tioning  motor.  Anti-hunt  and  torque- 
limiting  devices  are  used  to  provide 
smooth  operation. 

In  the  listing  the  SCR-584  specifi¬ 
cations  in  Part  I  (page  105,  Novem¬ 
ber  issue),  the  dynamic  range  accur¬ 
acy  was  given  as  plus  or  minus  2 
yards,  instead  of  plus  or  minus  25 
yards  as  correctly  stated  in  the  text. 

— D.G.F. 


Simpliiied  schematic  oi  the  range  unit,  discussed  in  detail  in  this  iinal  installment  on  the  584 
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FIG.  1 — Constructional  details  of  type  1N34 
qermaniiun  crystal  diode 
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Theory,  construction,  and  performance  characteristics  of  the  type  1N34  germanium  crystal 
diode,  which  has  many  advantages  over  vacuum-tube  diodes.  Applications  include  detector 
in  broadcast,  f-m,  and  television  receivers,  modulator,  and  sine-wave  or  relaxation  oscillator 
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The  normal  linear  Ohm’s  Law  re¬ 
lation  pertaining  to  the  current- 
voltage  characteristic  of  most  solids 
is  well  known.  This  law  embraces 
practically  all  conductors  and  insul¬ 
ators.  There  is,  however,  another 
classification  of  solids,  namely  semi¬ 
conductors,  which  lies  between  con¬ 
ductor  and  nonconductor  solids. 

As  early  as  1834,  Faraday  reported 
investigations  on  the  highly  negative 
temperature  coefficient  of  resistivity 
exhibited  by  silver  sulphide.  Accom¬ 
panying  this  behavior  was  a  non- 
ohmic  current-voltage  relation;  that 
is,  as  the  current  through  the  solid 
was  increased,  the  voltage  drop 
across  the  solid  did  not  increase  in 
direct  proportion. 

Taylor  (1903)  reported  a  charac¬ 
teristic  for  a  metal-metal  oxide  in 
which  rising  current  gave  a  non- 
proportionally  rising  voltage  drop 
up  to  a  point  where,  with  still  in¬ 
creasing  currents,  the  voltage  drop 
remained  constant.  Eccles  (1910) 
predicted  that,  under  certain  condi¬ 
tions,  negative  dynamic  resistance 
characteristics  would  be  exhibited. 

Most  of  the  aforementioned  phe¬ 
nomena  included  no  polarization  ef¬ 
fects.  The  characteristics  obtained 
were  nearly  similar  in  both  directions 
of  current.  It  was  found,  however, 
that  a  few  metal  oxides,  and  some 
metals  with  slight  impurities,  ex¬ 
hibited  highly  polarized  nonlinear 
characteristics.  The  metals  silicon 
and  germanium  possess  these  prop¬ 
erties  to  a  very  marked  degree. 
Moreover,  germanium  combined  with 
certain  impurities  will  withstand 
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relatively  high  voltages,  making  it 
extremely  useful  as  an  electrical  cir¬ 
cuit  element.  Such  an  element  is  now 
commercially  available. 

ConstructioR  Details 

A  cross-section  of  a  type  1N34  ger¬ 
manium  crystal  diode  and  a  detailed 
sketch  of  its  wire  whisker  are  shown 
in  Fig.  1.  The  unit  is  compact  and 
light-weight  and  is  made  with  tinned- 
copper  pigtail  leads  for  ease  of  in¬ 
stallation.  The  metal  shell,  which  is 
not  part  of  the  electrical  circuit,  is 
marked  to  indicate  the  direction  of 


high  conductance.  The  cathode  (ger¬ 
manium)  is  marked  minus  (— ), 
while  the  anode  (tungsten  metal 
wire)  is  marked  plus  (-h). 

The  necessary  properties  of  the 
metal  used  for  the  whisker  are 
manifold.  The  material  must  be  a 
good  spring  in  order  to  absorb  shock. 
Its  mass-to-strength  ratio  must  be 
low.  Its  thermal  and  electric  con¬ 
ductivity  should  be  high.  The  mate¬ 
rial  must  lend  itself  to  being  drawn 
into  fine  wire  and  yet  not  be  plastic. 
Most  of  these  requirements  are  ful¬ 
filled  by  tungsten  made  up  as  a  cylin- 


2 — Enargy  10T«1  diagrams  of  thres 
typos  of  solids 


drical  piece  75  microns  in  diameter 
and  approximately  0.25  centimeter  in 
total  length.  Because  of  tungsten’s 
fibrous  structure,  the  wire  may  be 
ground  to  a  needle-sharp  point  which 
will  not  mushroom  excessively  under 
applied  force. 

The  second  material  that  is  of  im¬ 
portance  in  a  contact  rectifier  is  the 
semiconductor,  and  this  is  by  far  the 
more  critical  of  the  two.  Germanium, 
which  is  used  as  the  semiconductor  in 
the  type  1N34  crystal  diode,  was  dis¬ 
covered  in  1886  by  Winkler.  It  is 
never  found  in  the  free  state,  usually 
occurring  in  the  dioxide  form 
(GeOt).  This  is  reduced  with  hydro¬ 
gen,  leaving  the  amorphous  metal  in 
a  pure  state.  Oxidation  at  room  tem¬ 
perature  is  slow.  Upon  melting  and 
cooling,  the  dull  gray  powder  forms 
crystals  of  the  diamond  type.  The 
resistivity  of  these  pure  crystalline 
structures  is  high  at  room  temper¬ 
ature.  As  will  be  seen  later,  this  re¬ 
sistivity  is  also  a  measure  of  the  pur¬ 
ity.  The  crystallized  material  will 
take  a  high  polish  and  is  highly  ab¬ 
sorbent  in  the  visible  and  infrared 
light  spectrum. 

In  the  melting  process,  a  small 
amount  of  tin  is  added.  The  tin  par¬ 
tially  dissolves  in  the  germanium, 
forming  a  lattice-imperfection  semi¬ 
conductor.  The  rest  of  the  tin  collects 
at  the  grain  boundaries  and  con- 


Type  1N34  diode,  showing  self-supporting  leads 


electrons.  There  is  another  group  of 
electrons  that  are  not  so  tightly 
bound.  In  fact,  they  may  jump  from 
atom  to  atom  and,  if  enough  energy 
is  acquired,  may  even  depart  from 
the  solid.  These  are  called  free  elec¬ 
trons,  and  it  is  these  in  which  we  are 
most  interested.  Because  of  the  com¬ 
plexity  of  the  heavier  atoms,  it  has 
become  customary  to  discuss  the  be¬ 
havior  of  the  electrons  in  solids  in 
terms  of  the  modern  theory  of  solids. 

The  well  founded  energy  level  dia¬ 
gram  for  metals  is  shown  in  Fig.  2A. 
Here  the  ordinate  is  energy  and  there 
exist  in  the  metal  levels  of  free  elec¬ 
tron  energy  up  to  and  including  a 
maximum  which,  at  absolute  zero,  is 
called  the  Fermi  characteristic  en¬ 
ergy.  These  levels  are  indicated  by 
the  shaded  portion  of  the  diagram. 
This  characteristic  energy  maximum 
is  only  slightly  dependent  on  temper¬ 
ature  but  very  strongly  dependent  on 
the  density  of  electrons  in  the  par¬ 
ticular  solid.  The  maximum  energy 
of  the  electrons  is  therefore  a  func¬ 
tion  of  the  specific  solid  under  con¬ 
sideration.  The  value  is  that  en¬ 
ergy  which  an  electron  must  release 
or  acquire  as  it  enters  or  leaves  a 
metal.  That  is,  if  an  electron  is  car¬ 
ried  into  the  metal  from  the  outside. 
It  is  necessary  to  have  a  knowledge  it  experiences  a  drop  in  potential  en- 
of  the  atomic  structure  and  the  en-  ergy  equal  to  — £7,  if  the  potential 
ergy  levels  of  metals  and  semicon-  outside  is  taken  as  zero.  The  quantity 
ductors  in  order  to  discuss  rectifica-  is  called  the  work  function  of  the 
tion  at  the  contact.  The  atoms  of  metal  solid.  It  is  known  that  the  var- 
these  solids  are  bound  together  and  iation  in  energy  at  the  boundary  is 
form  a  definite  pattern  known  as  the  not  exactly  as  shown,  but  the  picture 
crystal  lattice.  Each  atom  nucleus  is  is  sufficiently  accurate  for  this  dis- 
surrounded  by  a  number  of  electrons  cussion. 

which  have  definite  paths  and  en-  The  energy  diagrams  of  an  in- 
ergies.  Some  of  these  electrons  re-  trinsic  semiconductor  and  a  lattice- 
volve  about  the  nucleus  in  very  tight  imperfection  semiconductor  are 
elliptical  orbits  and  are  called  bound  shown  by  Fig.  2B  and  2C  respec- 
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PIG.  5 — Typical  static  characteristic  of 
type  1N34  crystal  diode 


tributes  to  the  lowering  of  the  resis¬ 
tivity  of  the  semiconductor.  The  hard¬ 
ened  ingot  is  cut  into  wafers  0.6  mm 
thick,  polished  to  optical  smoothness 
on  »one  surface,  and  then  cut  into 
squares  3  mm  on  a  side.  The  crystal 
is  now  ready  for  soldering  to  one  of 
the  lead  wires. 
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FIG.  3 — Contact  energy  level  diagrams 


^IG.  4 — Equivalent  circuit  of  germanium 
crystcd  for  frequencies  below  100  me 
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tively.  For  the  intrinsic  semicon¬ 
ductor,  the  energy  levels  of  the  elec¬ 
trons  are  divided  intQ  two  groups, 
namely,  a  filled  or  occupied  band  and 
a  permitted  but  normally  empty 
band.  Electrons  added  to  the  latter 
would  be  available  for  conduction. 
There  is  a  spacing  between  these  two 
bands,  called  the  forbidden  region, 
.where  no  electrons  can  exist.  No  con¬ 
duction  can  occur  when  the  spacing 
between  the  uppermost  level  of  the 
filled  band  and  the  bottom  of  the 
empty  band  is  great,  i.e.,A£'  is  the 
older  of  several  electron  volts.  If 
KT  >  AE,  which  might  be  for  very 
high  temperatures,  electrons  that  lie 
near  the  top  of  the  filled  band  may 
become  sufficiently  excited  to  jump 
into  the  empty  band,  thus  making 
conduction  possible.  It  must  be  re¬ 
membered  that  the  distribution  of 
energies  at  elevated  temperatures  al¬ 
lows  a  few  electrons  to  have  rather 
high  energies. 

It  follows  then  that  these  intrinsic 
semiconductors  are  excellent  insu¬ 
lators  at  low  and  absolute  zero  values 
of  temperature,  but  become  nearly 
perfect  conductors  at  T  — >  oo.  This 
negative  temperature  coefficient  of 
resistivity  typifies  all  semiconductors. 

The  germanium  semiconductor  in 
which  we  are  interested  is  of  the  lat¬ 
tice-imperfection  type  due  to  the  dis¬ 
solved  tin.  In  this  N  type  or  electron- 
excess  semiconductor,  levels  are  in¬ 
troduced  in  the  forbidden  region  that 
are  of  the  order  of  KT  from  the  un¬ 
filled  or  conduction  band.  It  is  the 
introduction  of  these  discrete  levels 
that  is  of  great  importance  to  the 
problem  at  hand.  The  atoms  of  tin  in 
the  crystal  lattice  cause  a  distortion 
of  both  the  physical  shape  and  the 
electrical  and  mechanical  forces  that 
are  an  integral  part  of  such  a  struc¬ 
ture.  It  is  this  distortion  that  gives 
rise  to  levels  intermediate  to  the 
filled  and  unfilled  bands.  The  elec¬ 
trons  contained  in  these  introduced 
levels  are  supplied  by  the  impurity. 
If  they  are  excited  sufficiently,  they 
will  rise  to  the  conduction  band  and 
the  solid  will  become  an  electronic 
conductor  provided  </»,e,  the  work 
function  of  the  semiconductor,  is 
overcome. 

Contact  Considerations 

When  a  metal  and  a  lattice-imper¬ 
fection  semiconductor  are  placed  in 
contact,  the  changes  in  energy  level 


distribution  are  as  portrayed  in  Fig. 
3A  and  3B.  It  will  be  noted  that  a 
distinct  hump  appears  at  the  contact 
surface  and  that  the  energy  level  of 
the  semiconductor  is  distorted  up¬ 
ward.  In  a  metal-to-metal  contact 
the  hump  would  be  much  lower  and 
the  distortion  would  be  negligible. 
Electrons  would  therefore  be  able  to 
flow  relatively  freely  from  either 
metal  to  the  other,  resulting  in  com¬ 
plete  equilibrium.  In  the  case  of  the 
metal  to  semiconductor  contact, 
however,  exchange  of  electrons  can¬ 
not  freely  take  place. 

The  difference  in  work  functions 
of  the  two  materials  produces  a  con¬ 
tact  difference  of  potential  — 

It  is  therefore  much  easier  for 
an  electron  near  the  conduction  band 
in  the  semiconductor  to  pass  over 
the  potential  hump  than  for  an  elec¬ 
tron  near  the  conduction  band  of  the 


FIG.  6 — Curre  illustrating  how  dynamic 
resistance  of  a  germanium  crystal  diode 
can  be  negotiTe  under  certain  conditions 
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FIG.  7 — ^Blocking  characteristic  of  germa¬ 
nium  diode 


metal.  Because  we  now  have  a  condi¬ 
tion  in  which  electrons  can  flow  more 
easily  in  one  direction  than  in  the 
other,  rectification  may  be  effected. 

The  process  of  rectification  as  de¬ 
scribed  above  is  enhanced  by  two 
other  factors.  Certain  electrons  in 
the  semiconductor  may  pass  through 
the  barrier  (tunftel)  to  the  metid 
even  though  they  lack  the  requisite 
amount  of  energy  to  pass  over  the 
hump.  This  tunneling  process  is  ex¬ 
plainable  by  quantum  mechanics  and 
will  not  be  discussed  here.  The  other 
factor  which  increases  rectification 
is  application  of  an  external  potential 
of  the  proper  polarity.  By  making 
the  metal  positive,  the  energy  levels 
in  the  semiconductor  will  be  elevated 
relative  to  those  in  the  metal.  The 
distortion  is  thus  eliminated  and  elec¬ 
trons  may  flow  freely  from  the  semi¬ 
conductor  into  the  metal. 

In  this  last  case,  with  a  positive 
potential  applied  to  the  metal,  the 
flow  of  electrons  is  limited  only  by 
the  bulk  resistance  of  the  semicon¬ 
ductor.  This  resistance,  that  is,  its 
ability  to  supply  electrons  from  the 
donator  level,  is  given  by 

=  p/4a  (1) 

where  p  is  the  resistivity  of  the  bulk 
material  and  a  is  the  contact  radius. 
Figures  3C  and  3D  illustrate  the 
limiting  case. 

On  the  other  hand,  if  the  metal  is 
made  negative,  the  energy  levels  in 
the  semiconductor  will  be  depressed 
relative  to  those  in  the  metal.  The 
electrons  in  the  metal  repel  those  in 
the  semiconductor,  further  distort¬ 
ing  the  energy  level  and  producing  a 
high  back  resistance^. 

In  addition  to  electronic  conduc¬ 
tion  just  described,  another  mecha¬ 
nism  takes  place  simultaneously,  but 
in  such  a  manner  as  to  decrease  the 
back  resistance.  This  is  called  hole 
conduction.  The  impurity  introduces 
into  the  forbidden  region  near  the 
filled  band  of  the  semiconductor  en¬ 
ergy  levels  which  are  normally  empty. 
These  acceptor  levels  may  receive 
electrons  from  the  top  of  the  filled 
band,  leaving  holes  therein.  The  holes 
cause  a  distortion  in  the  opposite 
sense,  that  is,  the  barrier  will  curve 
downw^ards  at  the  contact.  These 
holes  pass  easily  from  the  semicon¬ 
ductor  to  the  metal,  the  result  being 
a  transfer  of  positive  charge  in  the 
same  direction.  The  back  resistance 
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of  the  contact  is  limited  by  the 
amount  of  hole  conduction.  Fortun¬ 
ately,  by  proper  preparation  and 
treatment,  the  composition  of  the 
semiconductor  can  be  so  controlled 
as  to  minimize  the  density  of  the  ac¬ 
ceptor  levels  relative  to  the  donator 
levels. 

Ciirreiit'Voltag*  Relationships 

The  equivalent  circuit  of  the  type 
1X34  for  frequencies  less  than  100 
me  is  shown  in  Fig.  4.  It  consists  of 
the  bulk  resistance  in  series  with 
the  barrier  impedance.  The  latter 
may  be  represented  by  a  resistance, 
which  is  dependent  on  the  magnitude 
and  polarity  of  the  applied  voltage, 
in  parallel  with  the  barrier  capaci¬ 
tance.  This  capacitance,  which  is  also 
a  function  of  the  applied  voltage,  is 
discussed  more  fully  in  the  Appendix. 

The  pass  characteristic  of  the  ger¬ 
manium  crystal  diode  closely  approx¬ 
imates  the  following  exponential 
form  up  to  one  hundredth  of  an  am¬ 
pere  or  so. 

■i,  =  -  1)  (2) 

where  V  =  voltage  applied  to  the 
barrier 

~  Eappu,4  —  ifRb 

?o  =  10‘*  ampere  approx, 
a  =  0.05  volf'  approx. 

The  values  given  above  were  found 
by  plotting  the  currents  and  voltages 
on  semilog  paper,  as  in  Fig.  5. 

As  one  continues  to  increase  the 
forward  current  a  point  is  reached 
where  the  dynamic  forward  resis¬ 
tance  de/di  becomes  negative,  even 
though  the  static  resistance  V/I  is 
positive.  The  forward  resistance  in 
these  voltage  and  current  ranges, 
that  is,  after  the  barrier  has  been 
overcome  at  approximately  one  volt, 
is  given  by  the  expression  in  Eq.  1. 
However,  because  p  varies  greatly 
with  temperature  for  a  particular 
sample  according  to 

log  p  =  Y  (l/D  (3) 

where  y  is  a  constant,  it  is  possible, 
at  some  high  temperature  caused  by 
excessive  currents,  to  have  a  dynamic 
resistance  equal  to  or  less  than  zero. 
A  curve  showing  this  is  given  in 
Fig.  6. 

The  phenomenon  is  of  little  prac¬ 
tical  importance  as  it  is  usually 
masked  by  a  load  of  several  hundreds 
of  ohms  in  series  with  the  unit.  It 
is,  however,  of  academic  interest. 


FIG.  8 — Different  types  of  breakdown,  as 
Tiewed  on  scope,  for  germanixun  diode 
units 


'FIG.  9 — Comparison  of  performance  char* 
acteristics  of  1N34  germanium  diode  (solid 
lines)  with  6H6  Tocuum  diode  (dotted 
lines).  When  reading  rectified  current  and 
voltage  for  2-volt  signals,  divide  scale 
values  by  10 

Moreover,  values  of  current  neces¬ 
sary  to  produce  such  an  effect  would 
not  be  found  in  practical  circuits, 
nor  is  it  advisable  to  attempt  them 
because  they  cause  excessive  temper¬ 
ature  that  will  impair  the  desired 
rectifying  properties. 

The  blocking  characteristic  of  the 
germanium  diode  is  the  most  inter¬ 
esting.  From  the  curve  of  Fig.  7, 
it  is  obvious  that  startling  effects  are 
present. 

In  tracing  the  d-c  characteristic 
and  analyzing  the  results,  it  is  found 
that: 

(1)  The  resistance  is  extremely 
high  up  to  several  volts  from  the 
origin  (of  the  order  of  megohms). 

(2)  The  current  is  nearly  ohmic 
at  low  voltages  (0  to  6  volts),  whence 
it  becomes  exponential,  following 


where  the  coefficients  are  similar  to 
those  for  the  forward  characteristic 
and  the  approximate  values  are  u'  = 
2.5  X  lO  *  ampere  and  j8  =  0.1  to  0.2 
volt*\ 

(3)  At  some  voltage,  characteris¬ 
tic  of  the  particular  unit,  usually 


greater  than  75  but  less  than  200 
volts,  the  characteristic  departs  from 
the  exponential  form.  The  dynamic 
resistance  becomes  zero  and  then 
negative  as  the  current  is  increased, 
so  that  the  voltage  developed  across 
the  unit  decreases.  This  action  is 
analogous  to  that  in  the  forward 
direction  in  being  temperature  de¬ 
pendent.  In  fact,  if  one  uses  the 
proper  scale  multiplying  factor,  the 
two  curves  of  forward  and  blocking 
currents  will  be  very  nearly  identi¬ 
cal. 

Most  units  have  curves  similar  to 
that  of  Fig.  7  but  differing  in  volt¬ 
ages  and  currents.  However,  many 
different  shapes  may  be  obtained. 
Figure  8  shows  some  of  the  varia¬ 
tions  observed.  Changes  are  noticed 
if  ambient  temperature  is  varied,  or 
if  current  is  allowed  to  flow  through 
the  unit  for  a  period  of  time.  With 
increased  temperature  or  continued 
current,  the  curves  tend  toward  the 
basic  one  of  Fig.  7. 

Possible  explanations  for  this  be¬ 
havior  in  the  back  direction  are  first, 
that  the  distribution  and  mobility  of 
holes  may  be  more  temperature  de¬ 
pendent  than  predicted  by  theory, 
and  second,  that  there  is  a  possibility 
that  hole  conduction  may  take  place 
through  areas  several  orders  of 
magnitude  smaller  than  that  for  elec¬ 
tron  conduction.  This  would  give 
rise  to  the  possibility  of  a  much 
higher  back  resistance  and  the  prob¬ 
ability  that  the  smaller  areas  might 
break  down  to  larger  areas  of  con¬ 
ductivity,  thus  allowing  the  current 
to  increase  rapidly. 

Temperature  Dependence 

The  germanium  crystal,  or  any 
other  nonlinear,  device  that  depends 
upon  the  imperfection  crystal  lattice 
for  its  behavior,  will  be  inherently 
very  dependent  upon  temperature. 
Because  the  contact  and  the  bulk 
material  do  have  resistance,  and  this 
resistance  is  confined  to  a  small  vol¬ 
ume,  very  high  temperatures  will  be 
obtained  at  the  contact  if  a  sizable 
current  is  passed  through  the  unit. 
Because  of  the  geometry  of  the  con¬ 
tact,  most  of  the  heat  will  be  con¬ 
ducted  from  the  contact  through  the 
germanium  (see  Appendix).  The 
increased  temperature  will  have  the 
effect  of  decreasing  the  resistance. 
The  effect  will  be  more  noticeable  in 
the  back  characteristic  than  in  the 
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forward.  Data  show  that  the  back 
resistance  changes  by  a  factor  of  i 
for  a  70  C  rise  and  by  2  for  a  70  C  fall 
from  room  temperature.  The  for¬ 
ward  resistance  is  very  little  affected 
by  increasing  ambient  temperatures 
up  to  100  C  whence  it  becomes  quite 
temperature  dependent.  Decreasing 
ambient  temperature  has  a  greater 
effect,  a  drop  of  70  C  doubling  the 
value  of  resistance  at  room  tempera¬ 
ture. 

R«ctificatioa 

An  important  use  of  germanium 
crystal  diodes  is  the  detection  of 
radio  and  intermediate  frequencies. 
The  increasing  interest  in  frequency 
modulation  and  television  has  placed 
new  requirements  on  detectors. 
Small  interelectrode  capacitances  and 
ability  to  work  into  a  low  resistive 
load  with  reasonable  efficiency  are 
two  of  the  most  important.  These 
requirements  are  imposed  by  the 
higher  frequencies  used  by  f-m  and 
television,  and  by  the  broad  pass- 
band  of  intermediate  and  video 
stages. 

The  type  1N34  unit  satisfies  these 
demands.  The  cathode-to-anode  ca¬ 
pacitance  is  of  the  order  of  3  /lyif 
and  the  forward  conductance  is  very 
high,  thereby  making  an  excellent 
unit  for  the  above  uses.  In  Fig.  9 
3.  conventional  6H6  vacuum  tube 
diode  is  compared  with  the  1N34. 
The  superiority  of  the  latter,  espe¬ 
cially  for  low  values  of  load  resis¬ 
tance,  is  readily  apparent. 

Because  the  1N34  is  soldered  di¬ 
rectly  into  the  circuit,  it  is  of  ex¬ 
treme  practical  importance  that  it 
have  long  life.  Preliminary  tests 
show  that  no  failure  or  deterioration 
has  occurred  for  more  than  1000 
liours  of  continuous  operation.  These 


units  were  subjected  to  electrical 
conditions  that  were  considered  far 
in  excess  of  normal  practice. 

For  design  information  it  is  neces¬ 
sary  to  know  the  variation  that 
would  be  encountered  in  production 
units.  Numerous  tests  have  shown 
that  the  rectified  output  will  vary 
less  than  ±5  percent.  This  figure 
holds  for  the  audio  range.  Even  at 
frequencies  in  excess  of  20  mega¬ 
cycles  variations  from  the  mean  will 
not  exceed  15  percent. 

The  1N34  unit  is  recommended  as 
a  rectifier  for  frequencies  not  over 
100  me.  As  an  indication  of  the  fre¬ 
quency  response,  it  might  be  noted 
that,  referring  again  to  Fig.  9,  with 
1000-ohm  loading  and  14.4  volts  rms 
at  30  me  applied,  the  rectified  output 
is  10  V  d-c. 

Other  Uses 

There  are  many  uses  other  than 
as  detectors  or  rectifiers  that  sug¬ 
gest  themselves  from  consideration 
of  the  electrical  characteristics.  Some 
of  these  are  modulators  of  all 
descriptions,  voltage  regulators,  low- 
frequency  oscillators,  d-c  restorers, 
and  polarizing  devices.  Typical  ap¬ 
plications  are  shown  in  Fig.  10. 

As  a  nonlinear  device  the  german¬ 
ium  crystal  diode  is  readily  adapted 
to  modulator  and  demodulator  cir¬ 
cuits.  The  portion  of  the  curve  in 
which  the  dynamic  resistance  be¬ 
comes  zero  or  negative  may  be  used 
for  voltage  regulation.  Suitable 
characteristics  for  this  use  are  most 
often  obtained  when  the  peak  volt¬ 
age  (blocking)  is  relatively  low  (20 
to  50  volts).  If  necessary,  a  small 
positive  series  resistance  may  be 
added  to  correct  the  negative  dy¬ 
namic  resistance  to  zero.  The  curve 


shown  in  Fig.  8B  is  the  ideal  block¬ 
ing  curve  for  regulator  use.  The 
advantages  of  this  regulator  over  the 
gaseous  discharge  type  are  freedom 
from  flicker,  absence  of  high  firing 
voltages,  and  compactness.  It  must 
be  kept  in  mind  that  large  changes 
in  ambient  temperature  and  exces¬ 
sive  currents  will  affect  the  regula¬ 
tion  and  life  of  the  unit.  Normal 
currents  for  regulator  use  are  7  to 
30  ma  d-c. 

The  high  negative  dynamic  resis¬ 
tance  of  the  blocking  characteristic 
permits  the  production  of  sinusoidal 
oscillations  up  to  one  megacycle  in 
series  resonant  circuits.  The  rapid 
tripping  action  that  is  offered  by  the 
blocking  characteristic  makes  pos¬ 
sible  a  relaxation  oscillator  at  fre¬ 
quencies  up  to  500  kc. 

Conclatioa 

The  t5rpe  1N34  germanium  crystal 
diode  offers  many  physical  and  elec¬ 
trical  advantages.  Diminutive  weight 
and  size  are  mandatory  in  most  port¬ 
able  and  airborne  equipment,  and 
are  indicated  in  many  control  de¬ 
vices.  Economy  of  space  and  materi¬ 
al  is  furthered  by  the  absence  of 
heater  supplies  and  attendant  high- 
voltage  insulation.  Simplification  of 
wiring  and  an  overall  reduction  of 
ground  capacitance  result  in  im¬ 
proved  circuit  performance,  particu¬ 
larly  at  high  frequencies.  At  any  fre¬ 
quency,  hum  and  noise  due  to  diode 
a-c  heater  supplies  are  completely 
excluded. 

Only  a  few  of  the  many  possible 
applications  of  the  1N34  diode  have 
been  mentioned  in  this  paper.  In 
the  near  future,  new  and  valuable 
uses  will  surely  be  discovered  for  this 
versatile  device. 


FIG.  10 — ^Typiced  cqipUcotioiis  of  gormonium  crystal  diodos 
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Heat  Transfer  from  the  Contact. 

In  the  thermal  system  of  Fig.  11,  the 
heat  developed  at  the  contact  will  be 
conducted  in  two  directions,  namely, 
through  the  semiconductor  and 
through  the  metal. 

The  resistance  to  thermal  flow  will 
be  a  function  naturally  of  the  geome¬ 
try  and  material.  If  we  consider  the 
semiconductor  as  a  very  large  vol¬ 
ume  with  a  circular  surface  contact 
of  radius  a,  the  thermal  resistance 
will  be  given  by 

R,  =  l/(4K^a)  (5) 

where  Ki  is  the  thermal  conductivity 
of  the  material.  This  has  been  meas¬ 
ured  and  was  found  to  be  0.14 
cal/sec-deg-cm  or  0.59  watt/deg-cm. 

This  gives,  for  a  radius  of  4.5  x  10  * 
cm,  Rt  =  940  deg/watt. 

Torrey  has  shown  that  the  thermal 
resistance  of  the  truncated  metal 
cone  is  given  by 

R^  =  1/(K,  a  tan  ^/2)  (6) 

where  K,  is  the  thermal  conductivity 
of  the  material  and  ^  is  the  half  angle 
of  the  tip.  The  above  formula  was 
reached  by  assuming  the  cone  to  be 
a  hyperboloid,  thus  simplifying  the 
derivation. 

The  conductivity  for  tungsten  is 
Kt  =  0.476  cal/sec-deg-cm  or  1.97  voltage.  For  all  back  voltages  and 
watts/deg-cm.  For  ^  =  40®,  Rt  =  for  small  forward  voltages,  it  is  very 
213  deg/watt.  high.  When  the  forward  voltage  is 

The  thermal  resistance  of  the  met-  approximately  one  volt  or  higher,  R, 

al  stem  is  given  by  is  reduced  to  low  values. 

n  r  //Tr  JN  /r»x  The  rectificatiou  efficiency  is 

R»  =  L/(K,wr*)  (7) 

where  L  is  the  length  and  r  is  the 
radius.  For  a  length  L  =  0.25  cm  where  a  is  a  proportionality  constant, 
and  r  =  3.8  X  10  *  cm,  R,  =  2800 
deg/watt. 

The  total  thermal  resistance  of 
the  tungsten  wire  is  therefore  R,  -|- 
Rn  =  3,013  deg/watt.  This  compares 
with  940  deg/watt  for  Ri,  the  ther¬ 
mal  resistance  of  the  semiconductor, 
and  indicates  that  most  of  the  heat 
is  carried  away  by  the  latter. 

Low-Frequency  Rectification.  Con¬ 
sider  the  model  shown  in  Fig.  12.  The 
following  conditions  are  known. 

(1)  R^  is  ohmic,  that  is,  it  does 
not  vary  with  applied  voltage,  and 
is  small,  having  a  value  between  20 
and  35  ohms. 

(2)  C,  the  barrier  capacitance,  is 
of  the  order  of  0.5 — 2.5  /i/if,  and  is 
dependent  on  the  applied  voltage. 

(3)  R,  varies  greatly  with  applied 


of  the  contact  capacitance.  This 
leads  to  the  conclusion  that  R,  de¬ 
pends  not  only  on  voltage  but  also  on 
frequency,  i.e.,  varies  inversely  with 
both.  This  variation  has  not  yet  been 
explained  so  that  efficiency  data  must 
be  relied  upon. 

Barrier  Capacitance.  Consider  the 
conditions  at  the  boundary  of  metal 
and  semiconductor  with  no  applied 
voltage  and  with  applied  voltage  AV, 
as  in  Fig.  13. 

The  barrier  will  in  effect  be  low¬ 
ered  and  a  conduction  current  will 
flow,  due  to  the  raising  of  the  elec¬ 
tron  potential  by  AV.  Two  other 
effects  can  be  noticed:  (1)  a  charg¬ 
ing  current  AQ  is  necessary  to  ac¬ 
count  for  the  redistribution  of  the 
electrons;  (2)  the  barrier  thickness 
is  reduced  by  the  amount  AD. 

The  total  charge  per  unit  area  will 
be  given  by 

Q  =  NeD  (10) 

where  N  is  the  density  of  donators, 
e  is  the  electronic  charge,  and  D  is 
the  thickness  of  the  barrier,  which 
is  dependent  on  V. 

The  capacitance  will  be  given  by 


FIG.  11 — Heat  transfer  problem 


FIG.  12 — EquiTalent  circuit 


Bethe  gives  for  this  thickness 


FIG.  13 — Barrier  capacitance  conditions 


1'V  2TNe  ) 

where  s  is  the  dielectric  constant, 
Vt  is  the  contact  potential  difference, 
and  V.  is  the  applied  voltage. 

Thus, 


dV 


which  gives 


bmeki 


frtnt 


2  12TNeV 


2  lf2s-Ar«(K.  -  F.) 
and  also  C  =  At/A%D  (15) 
This  comes  from  the  well-known  ca¬ 
pacitance  formula  for  two  parallel 
plates. 
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For  good  rectification,  {RJRt)  -f 
jR^tiiC  must  be  as  small  as  possible. 
Since  RJR,  is  of  the  order  of  10* 
and  R*o)C  is  less  than  1.1  x  10'*  for 
frequencies  of  one  megacycle,  we  see 
that  the  condition  is  fulfilled. 

High-Frequency  Rectification.  As 
(i>  is  increased,  two  effects  become 
important.  Measurements  show  that 
the  back  impedance  decreases  faster 
than  can  be  explained  by  the  effect 
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The  TeLERAN 


FIG.  1 — (left)  Elements  of  the  Teleron  sys¬ 
tem.  Infonnottion  on  aerial  actiTity  gath¬ 
ered  by  ground-based  radar  is  combined 
with  map  information  and  telerised  to 
pilots 
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FIG.  2 — (right)  Typical  telerision  image 
receiTed  by  pilot  while  en  route.  The  tear¬ 
shaped  dots  are  radar  echos  from  aircraft. 
Mop.  altitude  and  weather  informcrtion  are 
superposed  during  telerision  pick-up  from 
radar  scope 


sented  to  the  traffic  control  person¬ 
nel.  Resulting  traffic  instructions 
must  then  be  made  available  to  the 
pilot  conveniently  and  well  in  ad¬ 
vance. 

(5)  The  use  of  voice  communica¬ 
tions  must  be  reduced  rather  than 
increased. 

(6)  The  system  must  operate  in 
conjunction  with  existing  naviga¬ 
tional  aids  and  must  be  flexible  with 
regard  to  changes  in  traffic  control 
methods.  It  must  be  capable  of 
handling  greatly  increased  traffic 
densities. 

(7)  The  identification  of  indi¬ 
vidual  aircraft  must  be  automatic  or, 
better  still,  unnecessary. 

(8)  It  must  provide  adequate 
warning  of  impending  collisions  be¬ 
tween  aircraft,  or  between  aircraft 
and  terrain. 

(9)  The  system  must  be  capable 


Two  OF  THE  MOST  Comprehensive  few  of  the  problems  which  can  be 
of  all  electronic  developments,  solved  only  temporarily  by  improve- 
television  and  radar,  can  be  com-  ments  in  the  existing  methods  of  air 
bined  to  fulfill  the  complex  require-  navigation, 
ments  of  air  navigation.  It  is  appar¬ 
ent  that  the  constantly  increasing 
density  of  air  traffic,  both  military 
and  civil,  will  require  the  develop-- 
ment  of  an  improved  navigation 
method.  While  improvements  in 
present  methods  will  suffice  for  the 
immediate  future,  a  more  compre¬ 
hensive  solution  will  be  required 
within  a  very  few  years.  Any  new 
system  must  make  possible,  under 
all  conditions  of  weather,  the  flying 
of  large  numbers  of  aircraft  having 
many  different  speeds,  different 
maneuverabilities,  and  different  des¬ 
tinations,  under  different  degrees  of 
pilot  skill. 

Before  describing  the  television 
and  radar  methods  designed  to  ac¬ 
complish  the  desired  results,  let  us 
review  some  limitations  of  present 
methods.  No  accurate  means  of  lo¬ 
cation  of  individual  aircraft  is  em¬ 
ployed.  Excessive  use  of  communi¬ 
cation  channels  is  required,  with  re¬ 
sulting  overloading.  Fixed  paths 
provided  by  radio  ranges  are  of  little 
use  when  it  is  necessary  to  deviate 
from  the  established  airways.  A 
high  degree  of  pilot  skill  is  required 
for  instrument  flight.  Traffic  han¬ 
dling  capacity  is  limited,  particu¬ 
larly  under  conditions  of  poor  visi¬ 
bility.  Means  for  collision  prevention 
are  not  provided.  These  are  but  a 


Air  Navigatioa  Reqaircmeats 

Certain  requirements  must  be  met 
by  an  eventual  air  navigation  system. 
The  more  important  are: 

(1)  Information  for  navigation, 
traffic  control,  collision  prevention 
and  landing  must  be  presented  to 
the  pilot  in  a  simple,  natural  manner, 
a  manner  so- obvious  that  little  skill 
will  be  required  for  its  use. 

(2)  The  system  must  be  suitable 
for  operation  in  all  kinds  of  weather. 

(3)  The  weight  and  complication 
of  the  equipment  carried  in  the  air¬ 
craft  must  be  minimized. 

(4)  For  the  control  of  traffic,  ac¬ 
curate  position  data  on  all  aircraft 
within  the  control  area  must  be  pre- 
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FIG.  3 — ^Block  diagram  of  functional  olomonts  of  Teloran.  Each  aircraft  corrio*  a 
roipondor  boacon.  which  roplios  with  on  altitude  code  when  the  radar  beam 
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A  system  of  navigation  and  traffic  control,  utilizing  existing  television  and  radar  techniques 
to  present  visual  information  directly  to  the  pilot,  is  proposed  to  cope  with  the  expanding 

needs  of  commercial  and  military  aviation 


of  providing  needed  supplementary 
information,  such  as  weather  data. 

These  are  only  a  few  of  the  re¬ 
quirements  of  an  ideal  navigation 
system,  but  they  indicate  the  general 
nature  of  the  problem. 

Th*  Twkron  Solution 

In  using  radar,  alone  for  air  navi¬ 
gation,  there  are  several  serious  limi¬ 
tations.  For  instance,  if  the  radar 
is  airborne,  the  equipment  is  rela¬ 
tively  heavy  and  bulky,  and  it  re¬ 
quires  skill  for  operation.  Because 
of  limitations  on  aircraft  antenna 
size,  airborne  radar  does  not  produce 
information  of  the  highest  definition. 
Furthermore,  it  provides  no  traffic 
control  data  on  the  ground  for  the 
use  of  the  traffic  controller.  Ground 
radar,  on  the  other  hand,  furnishes 
adequate  information  in  sufficient 
detail,  but  this  information  is  on  the 
ground  and  is  not  available  to  the 
pilot. 

Full  advantages  of  radar  can  be 
realized  if  information  from  a  high- 
definition  ground-search  radar  can 
be  transmitted  to  the  pilot.  Voice 
communication  channels  would  not 
be  practical  for  this  purpose.  One 
has  only  to  imagine  the  number  of 
words  required  to  describe  the  move¬ 
ment  of  a  number  of  planes  around 
an  airport  to  realize  the  difficulty  of 
using  voice  facilities. 

Fortunately,  television  furnishes 
an  excellent  means  for  transmitting 
almost  limitless  amounts  of  informa¬ 
tion  and  of  depicting  that  informa¬ 
tion  in  a  manner  requiring  little  ef¬ 
fort  for  its  perception  and  use.  In 
fact,  television  is  uniquely  suited 
for  transmission  of  ground  radar  in¬ 


formation  to  aircraft.  In  addition,  it 
provides  a  means  for  transmitting 
other  data  such  as  weather  maps, 
ceiling,  visibility  and  traffic  instruc¬ 
tions.  Rather  than  being  instrumen¬ 
tal  in  nature,  the  received  informa¬ 
tion  is  pictorial. 


FIG.  4 — Pilot  presentation  (teloTision  pic¬ 
ture  in  cockpit)  at  lower  altitude  than  Fiq. 
2.  during  approach  to  airport.  Local  in¬ 
formation  is  received  during  this  phase 


In  December  1941,  the  Teleran 
system  (a  contraction  of  Television- 
Radar  Air  Navigation)  was  devised 
but,  due  to  the  war,  actual  develop¬ 
ment  was  not  undertaken  until  1945. 
In  Teleran,  aircraft  positions  are  de¬ 
termined  by  ground-based  microwave 
radars,  the  data  from  which  are 
combined  with  other  graphic  infor¬ 
mation  (e.g.,  control  instructions, 
maps,  etc.)  and  transmitted  aloft  by 
television.  Figure  1  is  a  block  dia¬ 
gram  of  a  simple  installation.  Ppi 
radar  presentations  are  viewed  by 
television  cameras.  Maps  of  the  area 


are  superposed,  either  optically  or 
electrically,  and  the  combined  pic¬ 
ture  is  transmitted  aloft  by  televi¬ 
sion.  The  map  or  chart  may  contain 
many  graphic  data  of  interest,  and 
the  kinds  and  amount  of  informa¬ 
tion  which  can  be  transmitted  are 
almost  limitless.  Since  the  position 
of  all  aircraft  at  all  altitudes  would 
be  confusing  to  the  pilot,  the  system 
includes  a  system  of  separating  the 
signals  received  from  aircraft  at 
various  altitudes,  and  transmitting  a 
separate  picture  for  each  altitude 
level.  Aircraft  move  rapidly  hori¬ 
zontally  and  slowly  vertically,  so  that 
it  is  logical  to  provide  the  pilot  with 
information  on  the  location  of  ob¬ 
jects  many  miles  from  him  horizon¬ 
tally  but  not  to  include  objects  more 
than  a  thousand  or  so  feet  above  or 
below  him.  Thus  the  pilot  does  not 
have  to  think  in  three  demensions. 

Equipment  Operation 

Figure  2  is  a  typical  example  of 
the  picture  received  by  the  pilot  over 
Teleran.  It  will  be  observed  that 
the  radar  echoes  are  displayed  in 
such  a  way  that  their  relative  posi¬ 
tions  with  respect  to  each  other  and 
with  respect  to  landmarks  are  clearly 
shown.  The  radar  echoes  are  elon¬ 
gated  in  the  direction  of  each  air¬ 
craft’s  ground  track. 

The  parallel  lines  superposed  on 
the  picture  are  not  part  of  the  tele¬ 
vision  transmission.  They  are  ruled 
on  a  transparent  disk  which  is  con¬ 
nected  to  the  aircraft’s  directional 
gyro  (gyro  compass)  and  are  used 
to  show  the  heading  of  the  aircraft. 
Thus  in  a  single  picture  the  pilot 
sees  his  own  position,  the  position  of 
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FIG.  5 — Pilot's  imago  whon  in  immodiate 
Ticinity  of  airport.  Scalo  has  boon  on- 
largod  to  rovoal  dotails  of  traffic  pattom 


other  aircraft,  his  own  heading,  the 
location  of  airways  and  other  in¬ 
formation.  A  Teleran  picture  con¬ 
stitutes  his  chief  navigational  in¬ 
strument. 

Each  aircraft  carries  a  transpon¬ 
der  (beacon),  in  part  to  produce  a 
clear  image  on  the  ground  radar  ppi 
screens,  and  in  part  to  permit  the 
altitude  separation  feature  men¬ 
tioned  above.  The  transponder  is 
tied  into  the  barometric  altimeter 
so  that  its  transmitted  signal  is 
coded  in  relation  to  altitude.  By 
means  of  this  code,  the  altitude 
separation  can  be  accomplished  auto¬ 
matically  by  the  ground  radar.  This 
radar  will  have  a  number  of  ppi  indi¬ 
cators,  each  showing  only  the  air¬ 
craft  at  a  given  altitude.  Successive 
altitude  levels  will  be  made  to  over¬ 
lap  by  25  percent  to  avoid  collision 
possibilities  if  aircraft  change  from 
one  level  to  another.  A  block  dia¬ 
gram  of  airborne  components  is 
shown  in  Fig.  3.  It  is,  of  course, 
imperative  that  there  be  means  for 
the  pilot  to  identify  his  own  plane. 
This  is  done  by  a  radial  line  which 
appears  in  the  picture  and  which 
passes  through  the  pilot’s  own  air¬ 
craft. 

Each  pilot  sees  himself  as  a  spot 
moving  on  a  map,  which  is  the  way 
pilots  naturally  visualize  their  flight. 
The  tjrpe  of  information  transmitted 
over  the  television  link  will  depend 
upon  altitude.  For  instance,  a  pilot 
flying  at  15,000  feet  will  be  shown 
the  location  of  cities,  airways,  settle¬ 
ments,  etc.  but  will  not  be  shown 
details  such  as  the  locations  of  ap¬ 


proach  paths  to  airports.  However, 
approach  .paths,  ground  obstacles 
and  other  data  will  be  transmitted 
to  .the  aircraft  flying  at  3,000  feet. 

An  example  of  a  picture  for  a 
lower  altitude  is  shown  in  Fig.  4. 
Approach  paths  are  shown  for  two 
of  the  airports  in  the  picture.  This 
flgure  also  illustrates  the  flexibility 
in  traffic  control  procedures.  The 
aircraft  in  which  Fig.  4  is  received 
(the  one  with  the  radial  line  through 
it)  is  flying  on  a  holding  course  to 
which  it  was  assigned  by  traffic  con¬ 
trol.  Another  aircraft  is  taking  a 
passing  course  around  a  slower  air¬ 
craft.  Special  courses  of  this  sort 
can  be  established  by  the  traffic  con¬ 
troller  and  can  be  removed  as  soon 
as  the  need  for  them  ceases  to  exist. 

For  use  in  observing  and  con¬ 
trolling  the  traffic  around  a  busy  air¬ 
port,  it  is  advisable  to  have  a 
separate  ground  radar  devoted  solely 
to  this  problem.  This  radar  could 
have  a  fifteen-mile  range.  The  pic¬ 
ture  such  as  would  be  transmitted 
with  this  radar  is  illustrated  in  Fig. 
5.  Ceiling  and  visibility  data  are 
now  transmitted,  as  are  the  absolute 
altitude  of  the  airport  and  an  arrow 
showing  the  wind  velocity  and  di¬ 
rection. 

The  basic  Teleran  system  for 
navigation,  therefore,  includes  a 
long-range  ground-search  radar,  a 
short-range  ground  radar,  ground 
selection  of  codes  to  separate  the 
signals  received  from  various  alti¬ 
tude  levels,  television  cameras  for 
picking  up  the  radar  presentations, 
a  television  transmitter  for  sending 
the  pictures  aloft  and  a  television 
receiver  and  transponder  in  each 
aircraft.  The  simplicity  of  the  air¬ 
borne  equipment  is  particularly  note¬ 
worthy. 


iRstniiiiaiit  Approoch 

When  visibility  is  greatly  re¬ 
stricted,  some  means  must  be  pro¬ 
vided  for  completing  the  landing  by 
instruments.  In  Teleran,  this  is  ac¬ 
complished  by  employing  a  high- 
precision,  rapid-scanning  ground 
radar  such  as  the  radar  portion  of 
the  ground-control  approach  (GCA) 
system  (page  112,  November  1945 
issue  of  Electronics). 

By  certain  modifications  in  the 
radar  equipment  and  by  other  tech¬ 
niques  too  involved  to  describe  here, 
it  is  possible  to  obtain  a  presenta¬ 


tion  which  continually  shows  the 
pilot  his  position  with  respect  to  the 
glide  path,  his  heading,  his  pitch 
attitude  and  the  location  of  other 
aircraft  ahead  of  him  or  behind  him 
in  the  glide  path.  A  typical  picture 
received  by  the  pilot  is  shown  in 
Fig.  6.  The  position  of  the  aircraft 
with  respect  to  airport  and  imagin¬ 
ary  extension  of  the  runway  is  clear¬ 
ly  shown  in  a  manner  similar  to 
that  of  the  previous  pictures.  In 
addition,  there  is  automatically 
presented  a  horizontal  line  which 
appears  above  or  below  the  spot 
representing  the  aircraft,  depending 
on  whether  the  aircraft  is  below  or 
above  the  exact  glide  path.  Thus, 
in  Fig.  6  the  plane  nearer  the  air¬ 
port  is  exactly  on  the  glide  path, 
while  the  plane  more  remote  from 
the  airport  is  below  and  to  the  right 
of  the  glide  path.  To  aid  the  pilot 
in  maintaining  smooth  descent,  indi¬ 
cations  (obtained  from  the  aircraft’s 
gyros)  are  given  for  the  plane’s 
pitch  and  heading. 

Figure  T  is  a  perspective  sketch 
of  a  complete  Teleran  installation. 
If  such  installations  are  repeated 
about  every  hundred  miles  along  an 
airway,  Teleran  can  be  used  for  long 
range  overland  navigation.  This 
would  allow  aircraft  a  great  degree 
of  navigational  flexibility,  and  would 
particularly  benefit  the  itinerant 
flier.  It  is  interesting  to  note  that 
with  Teleran  a  new  airway  may  be 
established  by  merely  drawing  a  line 
on  a  map  or  chart 

With  Teleran,  almost  infinite  vari¬ 
ations  are  possible  in  methods  of 


FIG.  6 — ^Lon^g  proMiitaUoii.  to  which 
pilot  switchoa  during  final  doscont.  Tho 
information  proTidod  by  groond-control-op- 
largod  to  roToal  dotails  of  traffic  pattom 
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traffic  control.  Methods  can  be 
worked  out  which  will  permit  precise 
control  of  the  position  of  each  air¬ 
craft.  As  for  the  important  sub¬ 
ject  of  meteorological  data,  it  may 
prove  desirable  to  transmit  weather 
maps  over  the  television  link  at 
given  periods. 

Besides  the  advantages  previously 
outlined  the  system  has  the  very 
definite  advantage  of  being  self-cali¬ 
brating  and  self-warning.  Should 
anything  fail  in  either  the  ground  or 
the  airborne  apparatus  the  pilot  is 
immediately  aware  of  the  difficulty 
and  will  not  receive  false  or  mislead¬ 
ing  indications.  The  scale  is  estab¬ 
lished  on  the  ground  and  the  scale  in 
miles  may  be  transmitted  with  the 
picture.  Therefore,  no  change  is 
necessary  in  the  airborne  equipment 
to  make  it  suitable  in  all  zones  and 
for  all  functions.  The  presence  of  a 
distance  scale  permits  ground  speed 
to  be  accurately  estimated  and  will 
greatly  assist  both  the  pilot  and  the 
ground  controller  by  providing  a 
means  whereby  the  time  of  arrival 
of  the  craft  into  the  control  zone,  and 
the  progression  in  the  various  pat¬ 
terns,  may  be  predicted  with  consid¬ 
erable  precision. 

Another  feature  is  the  possibilty 
of  providing  the  controller  with  in¬ 
formation  as  to  traffic  conditions  be¬ 
yond  his  particular  control  zone. 
Wherever  a  search  radar  equipment 
is  installed  for  purposes  of  surveil¬ 
lance,  the  information  may  be  trans¬ 
mitted  to  a  remote  observer  by  relay 
means.  By  such  means  the  traffic  con¬ 
troller  may,  at  his  discretion,  ob¬ 
serve  the  traffic  approaching  his 
control  zone,  or  the  airport  tower 
may  observe  the  traffic  in  the  ap¬ 
proach  control  zone. 


duced.  Thus  the  basic  data  required 
for  the  system  design  is  at  hand. 

Several  problems  do  need  further 
investigation  and  development. 
Among  these  is  the  problem  of  trans¬ 
forming  the  incoming  radar  signals 
into  television  video.  A  possible 
method  is  viewing  the  radar  indi¬ 
cators  with  high-sensitivity  tele¬ 
vision  pickup  tubes.  Experiments 
have  been  performed  on  this  with 
moderate  success,  and  it  is  a  virtual 
certainty  that  with  a  brighter  indi- 


hensive  system  for  air  navigation, 
traffic  control,  collision  prevention 
and  instrument  approach.  It  presents 
information  to  the  pilot  in  a  very 
simple  manner,  and  in  a  way  gives 
him  a  new  and  better  way  to  fly  his 
aircraft.  It  is  very  flexible  with 
regard  to  traffic  control.  Any  changes 
in  traffic  control  or  other  procedures 
for  sending  information  aloft  do  not 
create  obsolescence  of  the  aircraft 
equipment.  The  same  apparatus  in 
the  plane  is  used  for  all  operations. 


televiskw  receiver# 

AND  RESPONDER  BEACON 
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Fig.  7 — Typical  installation,  showing  location  and  ranges  oi  ground  radars  for  long- 
range  search,  airport  search  cmd  landing 


cator  tube  and  a  faster  optical  sys¬ 
tem,  completely  satisfactory  results 
can  be  achieved. 

Some  investigation  of  methods  of 
beacon  coding  with  altitude  is  re¬ 
quired  in  order  to  insure  that  no 
spurious  echoes  will  be  produced 
under  dense  traffic  conditions.  A 
number  of  different  coding  methods 
are  available  and  it  is  reasonable  to 
assume  that  at  least  one  of  them 
will  be  satisfactory.  The  radio  fre¬ 
quency  employed  for  the  television 
transmission  will  be  high,  probably 
close  to  the  microwave  region.  Trans¬ 
mitter  tubes  and  radio-frequency 
components  developed  during  the 
war  can  be  used  with  only  minor 
modifications. 

Teleran  appears  to  be  capable  of 
meeting  requirements  of  a  compre¬ 


It  provides  a  maximum  of  safety 
against  collision  both  with  terrain 
obstacles  and  with  other  aircraft. 

It  will  be  appreciated  that  the 
bandwidth  necessary  to  transmit  the 
television  picture  can  be  much  less 
than  that  required  for  broadcast 
television,  since  the  motions  involved 
are  relatively  slow.  In  other  words, 
the  frame  frequency  can  be  reduced. 
Suitable  frequencies  in  the  region  of 
1000  megacycles  have  been  assigned 
by  the  FCC  to  air  navigational  pur¬ 
poses.  The  techniques  employed  in 
Teleran  are  not  radical  departures 
from  those  already  available  which 
were  employed  during  the  war. 
While  additional  development  work 
is  required,  the  elements  of  the  sys¬ 
tem  are  within  the  realm  of  accom¬ 
plished  fact. 


Ayoilabl*  T«cbaiqa*t 

How  much  of  the  equipment  and 
knowledge  required  for  the  construc¬ 
tion  of  the  system  described  above 
exists  and  how  near  are  the  remain¬ 
ing  problems  to  solution?  Ground 
radars  having  ranges  in  excess  of 
100  miles  have  been  built  and  oper¬ 
ated  successfully.  Beacons  to  work 
with  those  radars  have  also  been 
designed  and  built  in  some  quantity. 
The  techniques  of  television,  fairly 
well  established  before  the  war,  have 
been  improved  by  wartime  experi¬ 
ence,  and  lightweight  airborne  tele¬ 
vision  receivers  have  been  mass  pro¬ 
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FIG.  1 — Examples  of  records  obtained  with  electronic  shutter-tester  for  iris  and  focal-plane  shutters 


Military  demands  for  large 
numbers  of  precision  aerial 
cameras  during  World  War  II  dic¬ 
tated  an  accelerated  mass-production 
program.  With  this  program  arose 
the  need  for  a  shutter  tester  of  high 
accuracy,  applicable  to  production¬ 
line  use.  Previous  shutter-testing 
methods,  employing  both  photograph¬ 
ic  and  electronic  techniques,  were 
well  suited  to  laboratory  use  but 
hardly  applicable  to  production  re¬ 
quirements. 

One  requirement  of  the  new  tester 
was  that  it  be  capable  of  yielding  a 
permanent  record  of  shutter  charac¬ 
teristics  for  both  iris-type  (between- 
the-lens)  shutters  and  focal-plane 
shutters.  In  the  case  of  the  iris  type, 
the  record  should  indicate  both  speed 
and  efficiency,  while  for  the  focal- 
plane  type  the  record  should  show  the 
shutter  speed  at  three  points:  near 
the  beginning,  center,  and  end  of  the 
curtain  travel.  This  instrument  must 
also  have  an  auxiliary  time-measur¬ 
ing  circuit  for  testing  the  K-19  night 
photo  camera.  Another  requirement 
was  a  visual-indicating  shutter  tester 
for  both  iris  and  focal-plane  shutters. 
This  article  describes  shutter  testers 
that  evolved  from  this  development 


eliminates  photographic  methods  of 
shutter  testing,  as  well  as  electronic 
methods  that  employ  a  recording 
string-oscillograph. 

Other  possible  recording  means 
were  studied,  and  as  a  result  of  this 
investigation  it  was  decided  to  use 
Teledeltos  recording  paper,  which 
has  the  property  of  carbonizing  and 
forming  a  dark  line  when  a  stylus 
energized  with  sufficient  voltage  is 
drawn  against  it. 

Raeording  Shatfer-Taster 

The  best  recorded  data  to  provide 
speed  and  efficiency  figures  for  an 
iris  shutter  is  the  curve  of  shutter 
opening  area  vs  time.  A  t3rpical  curve 
is  shown  in  Fig.  lA.  The  advantage 
of  this  type  of  presentation  is  that 
it  provides  sufficient  data  to  rate 
shutter  speed  on  any  of  the  several 
bases.  To  reproduce  this  curve  on 
Teledeltos  paper,  it  was  decided  to 
move  the  paper  under  ten  stylii 
equally  spaced  in  a  straight  line  and 
controlled  individually,  to  give  the 
result  shown  in  Fig.  IB. 

With  this  setup  the  focal-plane 
shutter  tester  could  use  three  of  the 
stylii  to  show  the  speed  at  three  cur¬ 
tain  positions,  giving  a  Tecord  like 


Project  Engineer 

Fairchild  Camera  d  Instrument  Corp. 
Jamaica,  N.  1'. 


program  and  outlines  the  factors  in¬ 
fluencing  the  design. 

In  considering  the  requirement 
that  data  from  the  recording  shutter- 
tester  be  in  the  form  of  a  permanent 
record,  it  was  deemed  impractical  to 
use  any  method  involving  a  photo¬ 
graphic  process.  This  conclusion  was 
reached  because  the  time  consumed 
in  the  development,  fixing,  washing, 
and  drying  sequence  would  be  pro¬ 
hibitive,  and  because  a  setup  involv¬ 
ing  a  darkroom  is  inconvenient.  This 


TABLE  I.  Relation  of  Shatter  Speeds  to 
Trace  Lengths 
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Electronic 

SHUTTER-TESTERS 


Photoelectric  system  feeding  a  bank  of  stylii  produces  on  Teledeltos  paper  a  recording  of 
camera  shutter-opening  area  plotted  against  time,  for  testing  both  iris  and  focal-plane  shut¬ 
ters.  Direct-indicating  accessory  shows  percent  deviation  from  rated  shutter  speed 


Shutter 

Drum  Speed 

1200  rpm  2400  rpm 

1/25  sec 

12  inches  . 

1/50  sec 

6  inches  . 

1/100  sec 

3  inches  . 

1/200  sec 

.  3  inche» 

1/500  sec 

.  1.2  inches 

Recording  shutter-taster  deTeloped  by  Fairchild  Camera  and  Instrument  Corp..  being 
used  to  check  a  shutter  at  all  speeds  before  it  is  installed  in  its  camera.  Recording 
drum  is  behind  hinged  doors  in  lowest  rack 


that  in  Fig.  1C.  The  recorded  lines 
would  not  necessarily  appear  in 
sequence,  as  it  is  possible  for  the 
recording  drum  to  make  more  than 
one  revolution  between  traces. 

The  paper  was  moved  beneath  the 
stylii  by  mounting  it  on  a  cylindrical 
drum  of  15-inch  circumference, 
driven  by  a  synchronous  motor.  The 
stylii  cannot  be  allowed  to  rest  too 
long  on  the  paper  with  the  drum  ro¬ 
tating  as  they  wear  marks  which  can 
be  confused  with  the  signal  traces. 
To  avoid  this  trouble,  the  stylii  arms 
are  held  off  the  paper  by  a  spring 
system.  Just  before  the  shutter  is 
tripped,  a  switch  is  thrown  to  ener¬ 
gize  a  solenoid  which  overcomes  the 
spring  and  contacts  the  stylii  with 
the  paper.  Two  drum  speeds  are 
provided.  This  is  necessary  to  pre¬ 
vent  the  traces  for  low  shutter  speeds 
from  taking  up  more  than  one  revolu¬ 
tion  and  overlapping,  and  still  be 
able  to  provide  a  long  enough  trace 
for  accurate  measurement  at  high 
shutter  speeds.  Knowing  the  drum 


speed  and  circumference,  the  lengths 
of  trace  for  various  shutter  speeds 
can  be  calculated.  Typical  values 
are  given  in  Table  I. 

The  shutter  speed  tolerance  of 
±  10%  can  readily  be  detected  on 
this  basis.  The  system  necessary  to 


Rear  Ti«w  of  ampQflar  and  r«cord*r  rack 
of  thuttor  tMtor.  Rocordlnq  dmm  In  bottom 
is  shown  in  operating  position,  meshed 
with  its  driTS  gear 


Recording  drum  of  recording  shutter-tester, 
shown  hinged  outward  for  changing  of 
paper.  Recordings  of  four  shutters  con  be 
obtained  on  a  single  sheet  of  Teledeltos 
poper  before  reloading 
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phototube  is  built  into  the  shutter 
test  jig,  it  must  be  separated  from 
the  main  amplifier-recorder  rack  by 
some  five  feet  of  cable.  This  intro¬ 
duces  a  high  value  of  shunt  capac¬ 
itance  that  severely  limits  the  value 
of  phototube  load  resistance  when  Eq. 
1  is  considered.  It  was  accordingly 
decided  to  use  a  cathode  follower  as 
an  impedance  changer  at  the  photo¬ 
tube  to  reduce  the  shunt  capacitance 
across  the  load  resistor  to  a  mini¬ 
mum.  The  circuit  is  shown  in  Fig.  5. 
By  locating  the  6SN7  very  close  to 
the  929,  it  was  possible  to  use  1.3 
megohms  for  Rl. 

FocoI'PIqm  Optic  oad  Phototab*  Unit 

To  measure  the  speed  of  a  focal- 
plane  shutter,  it  is  necessary  to 
measure  the  time  required  for  the 
shutter  slit  to  pass  a  point.  The 
arrangement  in  Fig.  6  was  designed 
to  do  this.  This  setup  provides  a 
source  of  illumination  to  the  top  of 
the  shutter  while  the  shutter  opening 
is  passed  over  a  narrow  slot  parallel 
with  it  and  very  closely  under  it  The 
light  source  is  restricted  with  a  slot 
to  make  the  light  applied  to  the  shut¬ 
ter  more  nearly  parallel.  During  the 
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FIG.  2 — Block  diagram  oi  rocordinq  shuttor-tMtor 

accomplish  this  presentation  of  data  resistor  when  the  shutter  is  operated 
on  Teledeltos  is  outlined  in  block  is  therefore  varying  as  in  Fig.  lA. 
diagram  form  in  Fig.  2.  The  system  that  translates  this  volt¬ 

age  pulse  into  lines  on  the  Teledeltos 
paper  must  have  a  frequency  re¬ 
sponse  range  such  that  no  distortion 
is  introduced. 

To  consider  the  frequency  response 
requirements,  refer  to  Fig  4.  To 
transmit  without  distortion  an  iso¬ 
lated  trapezoidal  pulse  in  time  a  gen¬ 
eral  rule  is  that  the  circuit  must  be 
fiat  in  response  up  to  a  frequency  / 
determined  by  1/T,  where  T  is  the 
time  duration  of  the  slope.  The  pulse 
obtained  from  the  phototube  ap¬ 
proaches  the  shape  of  Fig.  4.  As¬ 
suming  that  the  highest  shutter 
speed  to  be  encountered  would  be 
1/1000  sec  and  assuming  that  the 

slope  duration  might  be  10  percent  coincidence  of  the  openings,  light  will 
of  this,  the  upper  frequency  limit  f  fall  on  the  cathode  of  the  phototube, 
is  10,000  cps.  Circuit  constants  to  The  output  of  the  phototube  will  then 
meet  this  frequency  requirement  are  also  be  in  the  form  of  a  trapezoidal 
/  =  1/2  It  RC  (1)  pulse.  The  duration  T  of  the  slope 

where  f  is  the  frequency  where  re-  is  the  time  taken  for  the  edge  of  the 
sponse  is  3  db  down,  R  is  load  resist-  shutter  opening  to  pass  over  the  slot 
ance,  and  C  is  shunt  capacitance.  and  is  therefore  a  function  of  slot 
In  designing  the  photoelectric  cir-  width, 
cuit,  it  is  desirable  to  u'se  the  maxi-  As  the  width  of  this  trapezoid  near 
mum  permissible  value  of  load  resist-  its  top  is  the  time  recorded  to  indi- 
ance  to  achieve  the  maximum  signal  cate  speed,  it  is  desirable  to  keep  the 
voltage,  and  thus  reduce  the  amplifier  slope  duration  small  enough  to  limit 
gain  requirements.  However,  as  the  the  error  to  2  percent  It  is  there- 


Irif  Shatter  Optic  aed  Phototabe  Uait 

In  the  case  of  the  iris  shutter,  the 
first  step  necessary  to  achieve  the 
end  result  shown  in  Fig.  IB  is  to  con¬ 
vert  the  shutter  opening  area  into 
a  corresponding  electrical  voltage. 
This  was  accomplished  by  the  photo¬ 
electric  arrangement  of  Fig.  3.  A 
light  source  consisting  of  a  tung¬ 
sten-filament  bulb  in  a  reflector  is 
placed  a  considerable  distance  above 
the  shutter.  This  applies  uniform 
illumination  with  approximately 
parallel  light  rays  to  one  side  of  the 
shutter. 

It  was  found  necessary  to  operate 
the  lamp  from  a  d-c  source  to  avoid 
ripple  pickup  by  the  phototube.  A 
lens  system  on  the  other  side  is  ad¬ 
justed  to  focus  an  image  of  the  light 
source  on  a  piece  of  diffusing  mate¬ 
rial  which  in  turn  reflects  light  to  the 
phototube.  The  shutter  then  acts  as 
a  variable  iris  controlling  the  amount 
of  light  received  by  the  phototube. 
This  proved  to  be  the  best  way  to 
maintain  a  linear  relationship  be¬ 
tween  shutter  opening  area  and 
phototube  output  current.  The  v(flt- 
age  output  from  the  phototube  load 
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FIG.  3 — Optfcol  S7st*in  of  shuttor-tMlor 
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fig.  4 — ^Voltage  output  of  phototube  during 
operation  of  iris  shutter 


FIG.  5 — Phototube  and  impedance^hanger 
circuit 


fore  necessary  that  the  beginning 
slope  and  ending  slope  each  be  1  per¬ 
cent  of  the  base  time.  This  means 
that  the  slot  width  should  be  1  per¬ 
cent  of  the  curtain  opening  width. 

The  minimum  curtain  opening  to 
the  considered  is  i  inch,  so  the  slot 
was  fixed  at  0.00125  inch.  For  a 
shutter  speed  of  1/1000  sec  and  a  1 
percent  slot,  a  uniform  frequency 
response  up  to  100,000  cps  is  required 
(/  =  1/T  =  1/0.001  =  100,000). 

Three  phototubes  are  built  into  the 
shutter  holder  jig  and,  as  in  the  iris 
unit,  require  long  cabling  to  the 
amplifier,  necessitating  cathode  fol¬ 
lowers.  The  three  phototube  circuits 
are  similar  to  that  shown  in  Fig.  5, 
except  that  a  6J5  is  used  with  Rl 
equal  to  150,000  ohms. 

Stytn  Ceatrol  Amplifier 

For  controlling  the  stylii,  the  cir¬ 
cuit  of  Fig.  7  was  used.  It  is  basical¬ 
ly  a  two-stage  direct-coupled  ampli¬ 
fier  using  Teledeltos  as  the  output 
plate  load  resistor.  The  6SF5  plate 
load  resistor  satisfies  Eq.  2  for  100,- 
000  cps.  The  6SF5  is  normally  at 
zero  bias  and  the  voltage  drop  across 
its  plate  load  resistance  is  sufficient 
to  bias  the  6L6  to  plate  current  cut¬ 
off. 

When  a  negative  signal  is  applied 
to  the  6SF5  grid,  its  plate  current 
decreases  and  the  negative  bias  is 
removed  from  the  6L6,  allowing  cur¬ 
rent  to  flow  through  the  Teledeltos 
(assuming  the  solenoid  is  energized 
so  it  holds  the  stylii  down  on  the 


recording  drum).  An  input  signal 
to  the  6SF5  grid  of  one  volt  is  suffi¬ 
cient  to  produce  a  trace. 

It  was  initially  planned  to  ground 
the  recording  drum,  thus  grounding 
the  positive  250-volt  plate  supply  of 
the  6L6.  However,  this  led  to  hum 
difficulties  in  the  6SF5  grid  circuit 
due  to  the  floating  power  supply  cir¬ 
cuit.  The  drum  was  therefore  in¬ 
sulated  and  the  ground  applied  at 
the  negative  terminal  of  the  6SF5 
power  supply.  The  operator  is  pro¬ 
tected  by  the  mechanical  arrange¬ 
ment  of  the  drum.  For  changing 
recording  paper,  the  drum  is  hinged 
outward,  as  shown,  disengaging  it 
from  the  drive  motor  and  discon¬ 
necting  it  from  the  high  voltage. 

Eleven  of  these  stylus  amplifiers 
are  provided,  ten  for  iris  shutter 
recording  (three  of  which  are  used 
for  focal  plane  recording)  and  one 
for  night  photo  camera  timing,  as 
was  shown  in  Fig.  2.  All  run  from 
a  common  power  supply. 

Iris  Dividtr  System 

The  first  consideration  in  design¬ 
ing  the  iris  divider  system  is  the  volt¬ 
age  increments  on  which  the  chain 
of  stylus  amplifiers  are  to  operate. 
The  first  amplifier  in  the  chain  goes 
directly  to  the  signal  source  and  will 
always  operate  on  one  volt.  If  the 
divider  is  designed  so  the  succeeding 
channels  work  on  one-volt  incre¬ 
ments,  the  situation  shown  in  Fig. 
8A  will  exist.  This  is  an  undesirable 
condition  as  the  base  line  of  the 
recording  is  not  the  true  base  line. 
To  avoid  this  difficulty,  the  divider 
was  designed  to  give  10-volt  oper¬ 
ating  increments.  This  yields  a  re¬ 
cording  with  negligible  error  in  the 
base  line,  as  in  Fig.  8B. 


The  divider  resistance  was  made 
100,000  ohms  and  was  built  up  of 
precision  wire-wound  resistors  hav¬ 
ing  one-percent  tolerance,  for  which 
individual  values  are  given  in  Table 
II. 

Amplifier  for  Iris  ShoHers 

From  the  preceding  discussion,  it 
is  seen  that  the  amplifier  unit  for  iris 
shutters  must  be  capable  of  ampli¬ 
fying  the  phototube  output  sufficient¬ 
ly  to  supply  the  divider  with  a  91-volt 
pulse  without  appreciable  distortion. 
The  components  were  selected  by 
using  Eq.  1  on  the  basis  of  passing 
up  to  10,000  cps.  The  resultant  cir¬ 
cuit  is  shown  in  Fig.  9.  Gain  control 
i?i  is  necessary  to  compensate  for  the 
difference  between  maximum  open¬ 
ing  areas  of  the  various  shutter 
types.  A  position  is  selected  for  each 
shutter  type  so  that  the  amplifier  out¬ 
put  to  the  divider  at  full  shutter 
opening  is  the  91  volts  required  so 
that  the  last  stylus  amplifier  just 
operates  to  form  a  trace. 

The  smallest  shutter  gives  a  2-volt 
signal  at  full  opening,  so  the  gain 
is  based  on  this  figure,  and  all  larger 
shutters  are  scaled  down  to  this  value 
by  Rx. 

Potentiometer  R^  is  provided  to 
oppose  the  steady  direct  voltage  pres¬ 
ent  across  the  cathode  follower  re¬ 
sistance,  so  that  no  d-c  potential 
exists  across  the  gain  control.  In  ad¬ 
dition,  a  100-ohm  potentiometer  ad¬ 
justs  the  bias  on  the  6SJ7. 

With  the  phototube  totally  dark 
and  the  system  warmed  up,  Rt  is  ad¬ 
justed  until  moving  Rx  slowly  from 
one  end  to  another  does  not  cause 
the  plate  current  meter  to  vary.  The 
bias  is  then  adjusted  to  the  correct 
value  as  indicated  by  zero  indication 


FIG.  6 — Optical  system  of  focol-plone  shutter-tester 
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inated  the  need  for  the  high-gain 
amplifier. 

Night  Photo  Timiog 

The  K-19  night  photo  unit  required 
an  auxiliary  circuit  for  adequately 
testing  it.  This  camera  has  a  mag¬ 
netically  actuated  iris-type  shutter 
which  is  controlled  by  a  phototube- 
amplifier  arrangement.  In  use,  the 
light  from  a  flash  bomb  dropped  from 
the  camera  airplane  reaches  the 
phototube,  actuating  the  shutter 
through  an  amplifier.  The  require¬ 
ment  is  that  the  shutter  shall  be 
fully  open  in  10  milliseconds  from 
the  start  of  the  flash,  at  which  time 
the  flash  has  reached  peak  intensity. 
The  system  must  work  on  a  light  in¬ 
tensity  change  of  0.2  foot-candle. 

In  the  testing  of  this  camera,  the 
shutter  is  tripped  by  a  pulse  of  light 
which  simultaneously  actuates  a 
phototube  in  the  tester.  The  light 
pulse  is  produced  by  operating  a 
shutter  located  in  front  of  the  light 
source,  as  shown  in  Fig.  12.  The 
shutter  sped  is  1 /500th  second,  which 
gives  a  light  pulse  wave  front  similar 
to  the  actual  flash  bomb.  This  is 
important  because  the  K-19  camera 
operates  on  rate  of  change  of  light 
rather  than  steady-state  values.  This 
light  pulse  passes  through  the  shutter 
and  strikes  an  optical  dividing  sys¬ 
tem  consisting  of  a  piece  of  glass 
set  at  45  degrees  to  the  light  path. 

Most  of  the  light  passes  straight 
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FIG.  7 — ^Basic  circuit  used  in  eoch  stylus-control  conpliiier.  Plate  circuit  of  6L6  is 
completed  when  stylus  is  pulled  down  to  recording  drum  by  the  solenoid,  because 

the  drum  is  250  volts  positive 


but  by  suitable  choice  of  RC  ratio 
the  effect  can  be  reduced  to  the  point 
where  it  is  not  serious. 

Amplifier  for  Feeal>Plane  SheHers 

The  function  of  the  amplifier  for 
focal-plane  shutters  is  to  raise  the 
level  of  the  optical  system  output  to 
the  voltage  necessary  to  excite  the 
stylus  control  to  form  a  trace.  The 
maximum  output  of  the  phototube  is 
1  millivolt  and  the  voltage  required 
to  draw  a  trace  is  1  volt,  so  the  re¬ 
quirement  is  an  amplifier  with  a  gain 
of  1,000  or  more  and  a  frequency 
response  to  100,000  cps.  The  circuit 
of  Fig.  11  is  the  result  of  designing 
to  these  figures.  As  the  lowest  shut¬ 
ter  speed  is  1/125  sec  and  as  no 
steady-state  light  calibration  is 
needed,  the  amplifier  is  capacitance 
coupled  throughout.  The  cathode- 
follower  output  is  used  to  provide  a 
low-impedance  line  to  the  stylus  am¬ 
plifier.  Three  of  these  amplifiers  are 
provided,  one  for  each  phototube  out¬ 
put.  It  was  originally  planned  to 
use  type  931  photomultipliers  for  the 
focal-plane  tester  because  of  the  low 
light  level  encountered,  but  these 
tubes  were  critical  at  the  time  of  this 
development  and  could  not  be  ob¬ 
tained.  Their  use  would  have  elim- 


FIG.  8 — ^Base-line  recording  errors  for  1- 
volt  (A)  and  10- volt  (B)  operating  incre¬ 
ments  of  iris  voltage-divider 


of  the  plate  milliammeter.  Controls 
Rx  and  ft  are  screwdriver  adjust¬ 
ments  and  only  have  to  be  realigned 
occasionally  as  a  routine  check. 

When  the  system  is  to  be  set  up 
for  a  new  type  shutter,  the  shutter 
is  opened  to  its  wide-open  position 
and  is  illuminated.  This  gives  the 
maximum  value  of  light  that  the 
phototube  will  receive  when  the  shut¬ 
ter  is  operated  normally.  Control  ft 
is  adjusted  to  give  a  reading  of  1.2 
milliamperes  on  the  meter,  thus  in¬ 
suring  that  the  top  of  the  phototube 
output  pulse  will  just  be  the  top  of 
the  recorded  pulse.  The  cathodei  fol¬ 
lower  is  used  as  before  to  act  as  an 
impendence  changer  and  minimize 
shunt  capacitance  effects. 

It  is  theoretically  desirable  to 
keep  the  system  a  d-c  amplifier 
throughout,  to  handle  the  d-c  com¬ 
ponent  that  exists  in  trapezoidal 
pulse.  However,  the  practical  diflficul- 
ties  encountered  in  the  system  dic¬ 
tated  the  use  of  an  isolating  capacitor 
C.  Because  the  capacitor  will  not 
pass  direct  current,  there  is  some 
distortion  of  the  pulse  as  in  Fig.  10, 


FIG.  10 — Overshoot  distortion  caused  by 
lue  of  Isolating  capacitor  C  in  Fig.  9 
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FIG.  9 — Amplifier  circuit  used  between  phototube  and  iris  voltage-divider  when  testing 

iris  shutters 
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through  and  strikes  the  cathode  of 
the  timing  phototube,  while  a  small 
portion  is  reflected  by  the  glass  to 
actuate  the  phototube  of  the  K-19 
camera  and  trip  its  shutter.  This 
reflected  light  is  further  attenuated 
by  a  neutral  filter  so  the  maximum 
light  reaching  the  K-19  phototube  is 
0.2  foot-candle.  The  light  reaching 
the  timing-channel  phototube  is  am¬ 
plified  and  fed  to  the  stylus  control 
to  form  a  line.  The  beginning  of  this 
line  is  the  exact  instant  that  the  K-19 
phototube  was  energized,  so  the 
distance  to  full  open  shutter  can  be 
measured  to  see  if  it  is  within  the 
10  milliseconds  allowed.  A  typical 
record  is  shown  in  Fig.  13. 

Direct-Indicating  Shutter  Tetter 

The  direct-indicating  tester  was 
developed  as  a  general  utility  instru¬ 
ment  to  be  used  separately  or  in  con¬ 
junction  with  the  recording  tester. 
To  obtain  a  high  degree  of  accuracy 
from  the  indicator,  the  output  read¬ 
ing  is  presented  as  percent  deviation 
from  rated  shutter  speed.  In  this 
instrument,  iris  shutter  speed  is  de¬ 
fined  as  the  total  open  time,  which 
is  the  time  duration  of  the  base  of 
the  characteristic  trapezoid. 

The  final  design  of  this  unit  con¬ 
sists  of  a  time-measuring  circuit,  a 
comparing  circuit,  and  an  indicating 
circuit,  as  in  Fig.  14. 

Time-Maoturing  Circuit 

The  time-measuring  circuit  makes 
use  of  the  constant-current  charac¬ 
teristic  of  a  pentode  to  charge  a 
capacitor  to  a  voltage  proportional 
to  time.  The  input  is  received  from 
the  amplifier  output  of  the  iris  or 
focal-plane  recording  testers  previ¬ 
ously  described,  or  from  a  similar 
circuit  when  used  separately. 

The  6SF6  tube  acts  as  a  combina¬ 
tion  amplifier  and  limiter.  It  is  run 
normally  at  some  bias  such  that  the' 
drop  through  its  plate  load  resistor 
keps  the  6SJ7  biased  beyond  plate 
current  cutoff.  A  small  negative 
signal  then  will  drive  the  6SF5  to 
cutoff  and  the  6SJ7  will  become  con¬ 
ductive  and  start  charging  the  capac¬ 
itor  in  its  plate  circuit  at  constant 
current.  This  charging  current  flow¬ 
ing  in  the  cathode  circuit  and  in  the 
divider  causes  some  regeneration  due 
to  Ri  and  R,,  which  effectively  in¬ 
creases  the  gain  of  the  circuit  but  is 
not  sufficient  to  cause  instability.  The 


FIG.  11 — ^AmpUiiar  circtiit  us*d  between  phototube  and  stylus-control  amplifier  when 

testing  iocol-plone  shutters 


effect  is  somewhat  counteracted  by 
the  degeneration  in  which  is  pro¬ 
vided  to  keep  the  6SJ7  grid  in  a 
region  of  greater  current  linearity. 

For  iris  shutters  the  arrangement 
is  such  that  the  6SF6  is  driven  to 
cutoff  by  a  shutter  opening  area 
equal  to  one  percent  of  total  opening, 
remaining  in  that  condition  until 
the  shutter  is  within  one  percent  of 
being  closed.  Thus  the  capacitor  is 
being  charged  at  constant  current 
for  the  full  open  time  of  the  shutter. 
With  focal-plane  shutters,  the  trape¬ 
zoidal  pulse  described  previously  is 


TABLE  n.  Voltage  Divider  Design 

Gives  Iv 


%of 

total 

Value 
in  ohms 

when 
input  is 

R» 

90.90 

90,900 

llv 

R* 

4.33 

4,330 

21v 

R» 

1.54 

1,540 

31v 

R* 

0.79 

790 

41v 

R‘ 

0.48 

480 

51v 

R« 

0.32 

320 

61v 

R» 

0.23 

230 

71v 

R* 

0.17 

170 

81v 

R» 

0.14 

140 

91v 

R‘* 

1.10 

1,100 

of  sufficient  amplitude  to  drive  the 
6SF6  to  cutoff  and  charge  the  capac¬ 
itor  for  its  duration. 

One  capacitor  (C„  C„  or  C,)  is  used 
for  each  shutter  speed  to  be  covered, 
and  a  switch  is  provided  to  select 
the  proper  one.  The  capacitor  values 
are  so  chosen  that  each  one  when 
charged  for  its  indicated  shutter 
speed  will  develop  the  same  voltage. 

Comparator  Circait 

Switch  Si  is  a  telephone-type 
switch  that  connects  the  6SJ7  plate 
circuit  to  the  capacitor  selected  by 
the  speed  selector  switch.  When  the 
shutter  is  operated  and  the  capacitor 
charged.  Si  is  thrown  to  its  other 


FIG.  12 — Optical  system  of  night  photo 
shutter-tester 


position.  This  disconnects  the  capac¬ 
itor  from  the  plate  circuit  and  places 
it  in  series  opposition  with  a  standard 
source  of  voltage. 

If  the  shutter  speed  is  exact,  the 
two  voltages  will  be  equal  and  their 
resultant  will  be  zero.'  If  the  shutter 
is  in  error,  the  voltages  will  differ 
and  the  resultant  will  indicate  the 
direction  and  amount  of  error. 

Switch  S,  is  provided  to  completely 
discharge  the  capacitor  before  re¬ 
peating  the  charging  process. 

It  was  found  impossible  to  con¬ 
veniently  select  capacitor  values  close 
enough  to  give  an  exact  voltage  for 
a  given  charging  time,  so  voltage 
trimmers  R^,  and  R,  were  added. 
One  of  these  is  selected  with  each 
capacitor  value  and  is  adjusted  to 
give  the  proper  comparison  voltage. 
This  circuit  is  calibrated  by  applying 
electrical  pulses  of  known  time  dura¬ 
tion  from  a  commutator  arrangement 
to  the  amplifier  input. 

l■dIeotor  Clreiit 

The  resultant  of  the  capacitor  and 
comparison  voltages  is  fed  into  an 
indicator  circuit  through  a  30-meg 
resistor.  This  value  is  made  high 
so  the  capacitor  will  discharge  slowly 
enough  to  provide  a  reliable  reading 
for  conditions  of  shutter  error. 

The  6J5  circuit  is  essentially  a 
vacuum-tube  voltmeter  with  a  zero- 
center  indicator.  Shutter  speeds 
higher  than  rated  result  in  an  up- 
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ward  deflection,  low  speeds  in  a 
downward  deflection.  As  the  voltages 
being  compared  for  any  shutter  speed 
are  the  same,  the  indicator  can  be 
calibrated  in  percentage  deviation 
from  rated  speed.  The  slight  varia¬ 
tions  due  to  Rt,  and  R,  do  not 
introduce  appreciable  error.  The  full 
meter  scale  covers  ±.  15  percent 
error. 

The  circuit  constants  are  such  that 
large  inputs  cannot  damage  the  50- 
0-50  microampere  meter,  as  the  6J5 
reaches  saturation  slightly  off  scale 
on  the  upper  end  and  reaches  cutoff 
beyond  the  lower  end. 

Several  of  these  testers  were  built, 
for  various  numbers  of  shutter 
speeds.  The  unit  shown  in  the  cir¬ 
cuit  was  arranged  for  shutter  speeds 
of  1/125,  1/250,  and  1/500  second. 

The  indicating  tester  proved  an 
accurate  and  convenient  means  of 
measuring  shutter  speed.  On  some 
production  runs  it  was  used  exclu¬ 
sively  for  speed  tests,  the  recording 
instrument  being  resorted  to  only  for 
occasional  spot  checks.  It  was  also 
useful  in  production  adjustment  of 
shutters. 

The  author  is  indebted  to  Irving 
Doyle,  Fairchild  engineer,  and  Ro¬ 
bert  Nelson  of  the  inspection  depart¬ 
ment  for  substantial  cooperation  and 
many  helpful  ideas  in  connection 
with  the  development  of  the  record¬ 
ing  shutter  tester. 
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FIG.  13 — TinUng  record  obtoined  when  diecldnq  night  photo  ■hntton 


FIG.  14 — Circuit  of  direct-indicating  shutter  tester 


Direct-indicoting  shutter  tester,  with  fixture  for  phototube,  light  source,  and  shatter  holder  at  die  right 
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CAVITY 
Oscillator  Circuits 


Design  of  re-entrant  type  cavity  oscillators  using  disk-seal 
tubes  for  uhf  c-w  or  pulse  operation  takes  into  consideration 
methods  of  tuning  and  of  extracting  power.  Dimensions 
and  tuning  characteristics  of  10-cm  oscillators  are  given 
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Disk-seal  tubes  are  particularly 
adapted  to  the  grid-separation 
circuit  (also  designated  in  the  liter¬ 
ature  as  grounded-grid  or  grid-re¬ 
turn  circuit),  as  contrasted  to  the 
conventional  circuit  usually  used  at 
lower  frequencies.  The  differences 
between  the  two  circuits  are  illus¬ 
trated  in  Fig.  lA  and  IB.  The  circuit 
usually  used  at  lower  frequencies  is 
shown  in  Fig.  lA.  Here  the  signal 
is  introduced  between  the  cathode 
and  grid  and  the  load  is  placed  be¬ 
tween  the  plate  and  the  cathode.  At 
frequencies  where  lumped  circuit  ele¬ 
ments  are  generally  used,  this  circuit 
performs  satisfactorily.  However,  at 
higher  frequencies  where  one  is 
forced  to  use  cavity  resonators,  the 
conventional  circuit  becomes  imprac¬ 
tical.  The  problems  of  shielding  be¬ 


tween  input  and  output  and  of  con¬ 
trolling  exchange  of  energy  between 
input  and  output  become  of  prime 
importance. 

Grid  S«parcifioB  Circait 

The  grid-separation  circuit  shown 
in  Figure  IB  represents  a  practical 
solution.  This  circuit  can  also  be 
used  at  lower  frequencies ;  that  is,  its 
usefulness  is  not  limited  to  cases 
where  cavity  resonators  must  be 
used.  It  is  readily  seen  that,  if  the 
resonant  elements  are  formed  by  re¬ 
sonant  cavities  as  in  Fig.  2,  the  grid 
plane  forms  a  separation  between  the 
two  resonant  spaces ;  namely,  the 
cathode-grid  space  and  the  grid-plate 
space.  The  only  means  by  which 
energy  can  be  exchanged  between  the 
two  resonators  is  through  the  elec¬ 


tron  stream  and  by  means  of  the 
coupling  through  the  grid. 

Computations  on  a  circuit  like  this 
are  similar  to  those  on  conventional 
circuits.  For  example,  the  power  gain 
G  is  given  by  the  expression 

and  for  Rp  »  Ri,  n»  I 
G^G^Ri 

where  G.,  and  /i  are  the  transconduct¬ 
ance  and  amplification  factor  respec¬ 
tively,  R,  is  the  plate  impedance  of 
the  tube  at  the  frequency  used,  and 
Ri  is  the  impedance  of  the  load. 

In  oscillators  an  external  coupling 
(feedback)  of  some  kind  between  the 


Construction  and  parts  of  a  ro^ntront  cor- 
ity  oscillator  oi  tho  ‘lypo  shown  In  Fly.  5. 
for  uso  In  tho  ohi  rongo 


FIG.  1 — (A)  Groundod-cathodo  circuit  con* 
▼ontionally  used  at  low  iroquondos.  cmd 
(B)  groundod-qrid  circuit  used  at  high  iro¬ 
quondos 


Loft.  Froquoncy  choradoristics  of  ro-ontront  oscillator  of  tho  typo  shown  in  Fig.  5. 
Right.  Froquoncy  charadoristic  of  ro-ontront  oscillator  tunod  by  tho  mothod  illustrated 

In  Fig.  I 
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FIG.  2 — In  this  qrounded-grid  ccnrity  dr* 
cuiL  th«  grid  and  grid  mounting  ring  form 
a  separating  plane  between  cathode  and 
anode  corities 


FIG.  3 — ^Length  of  the  grid  cylinder  deter¬ 
mines  the  frequency  of  this  cority  oscil¬ 
lator.  The  tuning  plunger  is  set  for  opti¬ 
mum  performance 


FIG.  4 — As  the  telescoping  grid  cylinder 
tunes  the  carity  oscillator,  the  tuning 
plunger  also  mores  to  maintain  optimum 
conditions 


two  resonators  is  usually  necessary, 
as  indicated  in  Fig.  2.  For  amplifiers 
a  regenerative  control  must  be  used 
in  some  cases.  This  coupling,  called 
the  feedback  or  regeneration  circuit, 
has  the  job  of  taking  a  definite 
amount  of  energy  from  the  grid-plate 
resonator  and  delivering  it  at  a 
proper  phase  to  the  grid-cathode  re¬ 
sonator.  Generally  a  circuit  like  this 
is  freqiiency-sensitive  and  represents 
a  design  problem  for  tunable  oscilla¬ 
tors,  particularly  if  a  single  control 
tuning  is  desired  over  an  appreciable 
frequency  range.  Various  designs  of 
this  coupling  are  possible. 

Ro-aatraat  Oscillator 

This  article  deals  with  an  oscillator 
of  a  design  named  the  re-entrant  tsrpe 
oscillator.  This  oscillator  is  simple 
mechanically.  It  can  be  tuned  by  a 
single  control  over  a  considerable 
range  with  fairly  constant  power  out¬ 
put  The  efficiency  and  reliability  of 
this  circuit  especially  in  the  higher 


frequency  range  (around  3000  me), 
became  evident  early  in  its  develop¬ 
ment.  It  has  been  used  successfully 
in  a  number  of  practical  applications 
both  as  c-w  and  pulsed  power 
sources.  Different  modifications  of 
this  circuit  as  applied  to  tubes  of 
types  2C40  and  2C43  (see  McArthur, 
E.  D.,  Disk-Seal  Tubes,  Electronics, 
Feb.  1945,  p.  98)  are  shown  in  Fig. 
3  to  9. 

As  shown  in  Fig.  3,  the  oscillator 
consists  of  an  outer  cylinder  which 
makes  contact  over  the  base  of  a  disk- 
seal  tube.  An  inner  rod  makes  con¬ 
tact  with  its  plate  cap.  A  finger  or 
capacitive  type  plunger  closes  the  re¬ 
sonant  space.  The  grid  connection 
consists  of  a  cylinder  which  clamps 
around  the  grid  ring  of  the  disk-seal 
tube.  A  d-c  connection  for  the  grid 
bias  is  made  at  the  proper  points  on 
the  grid  cylinder.  The  frequency  of 
oscillation  depends  primarily  upon 
the  length  of  the  grid  cylinder  as 
shown  by  Table  I.  The  plunger  has 


to  be  placed  at  a  proper  position  to 
obtain  optimum  performance.  There 
are,  however,  other  modes  of  opera¬ 
tion  in  which  plunger  position  is 
more  important  than  grid  cylinder 
length  in  setting  the  frequency. 

For  the  circuit  of  Fig.  3,  a  d-c 
plate  potential  of  250  to  500  volts  is 
recommended.  A  power  output  of  100 
to  150  milliwatts  can  be  obtained 


TABLE  I— C-W  OPERATION 
OF  CAVITY  OSCILLATOR 

f  in  Ig  Ip  Id 

me  all  in  inches 


3300 

1.37 

2.0 

1.17 

3000 

1.75 

2.4 

1..55 

1500 

3.8 

6.2 

2.35 

1000 

5  6 

9.4 

1.78 

See  Fii;.  3  for  dimensions,  dpi 
9/16  in.,  dpi  13/16  in.,  d.:  1-1/2 
in. 


136 


Ftbruary  1946  —  ELECTRONICS 


FIG.  5 — Thia  tuning  method  requires  a 
sliding  contact  at  the  anode  cap  that  must 
pass  d-c  and  withstand  the  high  anode 
temperature 


FIG.  6 — To  obtain  a  more  reliable  sliding 
contact  than  that  oi  Fig.  5.  the  tuning 
plunger  is  mounted  on  a  sleoTe  that  sUdes 
on  the  plate  rod 


FIG.  7 — ^Whereas  tuning  plungers  hare 
both  inside  and  outside  sliding  contacts, 
plate  chokes  must  slide  only  on  their  in¬ 
side  ioces 


from  a  2C40  tube  at  3000  me  with  a 
plate  voltage  of  250  volts. 

Tuning  Methods 

Tuning  can  be  accomplished  in 
various  ways.  One  method  is  to  make 
the  grid  cylinder  telescopic  and  to 
move  it  together  with  the  plunger  as 
shown  in  Fig.  4.  Tuning  can  also  be 
accomplished  by  moving  the  plate 


TABLE  II— PULSED 
OPERATION  OF  CAVITY 
OSCILLATOR 

fin  I,  U  U  I, 
me  all  in  centimeters 


3300  2.7  2.28  2.2  5.4 
3000  3.5  2.5  3.0  6.2 

See  Fig.  7  for  dimensions,  d»: 
1-15/32  in.,  dp:  9/16  in.,  d.: 
1-1/4  in.,  d,:  13/16  in. 


contact  assembly  including  the 
plunger  along  the  anode  cap  as 
shown  in  Fig.  6. 

Figure  6  shows  an  oscillator  which 
has  a  movable  tuner  on  the  plate  rod 
and  a  separate  plunger.  The  tuner 
on  the  plate  rod  is  first  put  as  near 
the  plate  of  the  tube  as  possible  and 
the  plunger  adjusted  for  optimum 
operation.  Then  the  plate  tuner  and 
the  plunger  are  locked  rigidly  to¬ 
gether  and  moved  simultaneously  for 
tuning. 

The  problem  of  power  extraction 
from  such  an  oscillator  is,  of  course, 
one  of  matching  the  desired  load  im¬ 
pedance  to  the  impedance  that  the 
oscillator  requires  for  optimum  oper¬ 
ation.  This  can  be  accomplished  in 
any  of  the  well-known  ways  of  im¬ 
pedance  matching  over  the  necessary 
range.  Preferably,  points  for  power 
extraction  should  be  chosen  which  are 
physically  convenient.  The  adjust¬ 
ments  of  the  impedance  matching 
system  will  then  be  best  accomplished 


experimentally.  For  example,  the 
loop  near  the  end  of  the  grid  cylinder 
nearest  the  plate  side  or  a  probe  near 
the  grid  ring  have  been  used  success¬ 
fully.  The  adjustment  was  accom¬ 
plished  by  moving  these  probes  or 
loops  radially  and  axially.  These  dif¬ 
ferent  methods  are  illustrated  in  the 
drawings  of  the  several  types  of 
oscillators. 

For  pulsed  operation  with  the 
2C43,  the  data  for  the  oscillator 
shown  in  Fig.  7  is  presented  in  Table 
II.  A  plate  voltage  peak  of  2.5  to  3  kv 
was  used  with  these  circuits.  A 
power  output  in  the  order  of  1  kw 
can  be  obtained  with  3  kv  at  the  plate, 
1,000  pulses  per  second,  and  1-micro- 
second  pulse  duration. 

The  frequencies  given  in  this  arti¬ 
cle  are,  of  course,  only  approximate 
for  the  indicated  dimensions.  The 
actual  frequencies  will  depend  on 
which  type  of  tube  is  used  and  will 
vary  somewhat  among  individual 
tubes  of  the  same  type. 
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Audio  Aid 
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Th«  oudio  cdd«  collating  of  a  control  box  hold  by  tho  operator,  a  loudspeaker, 
and  the  small  unit,  in  this  instance  standing  on  top  oi  another  piece  of  test  geor 
in  the  center  foreground,  permits  one  man  to  spray  a  Tacuum  chamber  with  tell¬ 
tale  gas  while  at  the  some  time  listening  for  indication  of  leakage 


WITH  THE  ADVENT  of  industrial 
processes  requiring  vacua  of 
less  than  10**mm  of  mercury  pres¬ 
sure  in  volumes  as  great  as  hundreds 
of  cubic  feet,  the  problem  of  leak 
hunting  under  operating  conditions 
has  become  acute.  Vacuum  equip¬ 
ment  may  often  be  pressure-tested 
with  high  pressure  air  and  soap  bub¬ 
bles  before  assembly,  but  after  final 
installation  this  is  usually  impos¬ 
sible.  Accordingly,  ionization  gauges, 
pirani  gauges,  filament  emission 
gauges  and,  more  recently,  the  mass 
spectrometer  have  been  utilized  as 
aids  in  leak  hunting  after  the  system 
has  been  evacuated. 

In  all  leak-hunting  methods  em¬ 
ploying  these  instruments,  the  out¬ 
put  meter  of  the  vacuum  gauge  is 
watched  while  a  gas  of  some  type. 


or  a  liquid  (usually  the  former)  is 
sprayed  over  the  suspected  portion 
of  the  vacuum  system.  When  a  leak* 
is  covered  by  the  gas  stream,  the 
output  meter  reading  changes,  indi¬ 
cating  a  change  of  gas  composition 
inside  the  vacuum  chamber.  In  many 
cases  an  audio  indication  of  change 
of  gas  composition  is  desirable  when 
one  is  leak  hunting. 

Typical  Vacaain  Gaagcs 

Figure  1  illustrates  schematically 
how  each  of  the  above  mentioned 
instruments  is  utilized  in  leak  hunt¬ 
ing.  When  an  ionization  gauge  is 
used,  the  microammeter  in  the  plate 
circuit  is  observed  while  a  jet  of  gas, 
either  illuminating  gas,  hydrogen, 
helium,  oxygen,  etc.,  is  run  over  the 
suspected  section.  When  a  leak  is 


covered  by  the  gas  jet,  the  composi¬ 
tion  of  the  atmosphere  in  the  vacuum 
chambers  is  altered.  If  the  foreign 
gas  ionizes  more  readily  than  air, 
then  more  than  the  normal  number 
of  ions  will  be  produced  by  electrons 
colliding  with  gas  molecules  in  their 
motion  from  cathode  to  grid.  Since 
the  plate  of  the  ionization  gauge  is 
negative  with  respect  to  the  cathode, 
it  collects  the  possitive  ions  gen¬ 
erated,  and  the  microammeter  read¬ 
ing  increases.  It  had  been  found 
that  covering  a  leak  with  illuminat¬ 
ing  gas  would  cause  the  /la  reading 
to  increase,  whereas  hydrogen  or 
helium  decreased  the  reading. 

When  a  filament  emission  gauge 
is  used,  the  emission  of  the  filament 
is  observed  as  oxygen  is  blown  over 
the  suspected  portion  of  the  vacuum 
system.  It  has  been  found  that  fila¬ 
ment  emission  is  very  sensitive  to 
the  •  concentration  of  oxygen  in  the 
vacuum  atmosphere.  In  leak  hunt¬ 
ing,  the  milliammeter  is  watched  as 
oxygen  is  sprayed.  A  diode  filament 
emission  gauge  is  normally  used, 
rather  than  a  triode,  and  the  steady 
emission  is  balanced  out  on  a  bridge 
circuit. 

In  the  pirani  gauge,  use  is  made 
of  the  fact  that  the  cooling  of  a  fila¬ 
ment,  and  consequently  its  tempera¬ 
ture  and  resistance,  are  dependent 
on  the  density  and  chemical  composi¬ 
tion  of  the  surrounding  atmosphere. 
The  greater  the  pressure  (in  the 
micron  region)  the  greater  will  be 
the  cooling  effect  of  the  gas  and  the 
lower  will  be  the  resistance  of  a 
heated  filament  in  a  vacuum  system. 
A  bridge  circuit  detects  changes  in 
filament  resistance.  With  a  pirani 
gauge,  it  is  generally  best  to  use 
hydrogen  in  the  gas  jet  as  it  cools 
the  filament  much  more  rapidly  than 
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order  of  micro-microamperes.  When 
a  helium  jet  is  moved  near  a  leak, 
the  concentration  of  helium  in  the 
vacuum  atmosphere  increases  many 
times,  and  the  output  microammeter 
reading  increases.  This  method  of 
leak  hunting  is  very  sensitive. 
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for  Vacuum-Leak  Hunting 


Applicable  to  most  instruments  used  to  detect  vacuum  leaks  when  gas  is  sprayed  over  the  out¬ 
side  of  a  system,  the  accessory  described  here  produces  a  variation  in  audible  tone,  or  ceases 
producing  a  tone,  when  a  leak  is  detected.  Thus  only  one  operator  is  needed,  instead  of  a 

man  to  spray  gas  and  another  to  watch  meters 
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any  other  gas.  Also,  due  to  its  light  into  audio  oscillations,  and  for  hav-  change  of  input  voltage  is  illustrated 
mass,  hydrogen  leaks  into  the  vacu-  ing  the  frequency  of  the  tone  change  in  Fig.  2.  Components  Ri,  Ci,  Li  and 
um  system  more  readily  than  most  as  the  vacuum-indicating  meter  the  thyratron  Ti  constitute  a  relaxa- 
other  gases,  and  thus  produces  a  readings  changed.  Thus,  the  leak  tion  oscillator,  the  frequency  of 
faster  response  of  the  gauge.  hunting  can  be  done  by  one  operator,  which  maV  be  changed  by  varying 

The  mass  spectrometer  leak  hunter  under  any  circumstances  of  noisy  the  control  grid  voltage.  The  T, 
takes  advantage  of  the  fact  that  the  surroundings  or  inaccessibility  of  circuit  is  an  audio  amplifier,  for  con- 
quantity  of  helium  in  the  atmosphere  leaky  sections.  verting  the  voltage  variations  across 

at  sea  level  is  very  low.  A  mass  The  basic  circuit  for  producing  Ci  into  an  audible  loudspeaker  sound, 
spectrometer  set  to  detect  helium  a  frequency-modulated  tone  with  The  plate  voltage  at  which  the 
will  normally  read  currents  in  the 


The  necessity  of  watching  a  meter 
is  often  an  annoying  handicap.  If 
one  person  is  doing  the  leak  hunting, 
he  has  to  divide  his  attention  be¬ 
tween  the  meter  and  the  section  of 
the  vacuum  system  under  test.  On 
large  equipment,  or  on  installations 
where  it  is  not  possible  to  have  the 
meter  within  reading  distance  of  the 
equipment  under  test,  two  people 
have  to  work  together,  one  calling 
out  meter  readings  and  the  other 
handling  the  gas  jet.  There  is  usual¬ 
ly  a  time  lag  between  the  response 
of  the  reader  and  the  action  of  the 
gas  jet  operator,  and,  in  careful 
work,  this  slows  down  considerably 
pin-point  location  of  leaks.  Further¬ 
more,  in  noisy  atmospheres  the 
necessity  of  talking  loudly  and  con¬ 
centrating  on  numbers  being  called 
becomes  very  tiring  to  both  opera¬ 
tors. 

Accordingly,  it  was  found  expedi¬ 
ent  to  develop  a  method  for  con¬ 
verting  gauge  output-meter  readings 
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FIG.  2 — Basic  circuit  for  convortinq  a  Torymq  d-c  Toltaqo  into  a  froquency- 

modulatod  audio  ^qnal 


FIG.  1 — ConTontional  methods  of  connectinq  leak-detectinq  apparatus  to  vacuum 
systems.  The  audio  aid  described  in  these  paqes  lends  itself  to  all  of  them 


thyratron  breaks  down  is  a  function 
of  the  control  grid  voltage.  With  a 
high  negative  grid  voltage,  the  plate 
voltage,  or  the  voltage  across  Ci, 
must  be  high  if  Ti  is  to  fire.  As  the 
grid  voltage  is  made  less  nega¬ 
tive,  the  plate  voltage  required  for 
firing  decreases.  Thus  Ci  is  charged 
up  at  a  rate  through  Ri  determined 
mainly  by  B+,  and  Ci,  and  dis¬ 
charges  when  Ti  fires.  Accordingly, 
the  frequency  with  which  Ci  dis¬ 
charges  increases  as  the  firing  volt¬ 
age  of  Ti  decreases.  As  the  grid 
voltage  becomes  more  negative,  the 
relaxation  oscillator  capacitor  has  to 
charge  to  a  higher  voltage  before  the 
thyratron  fires,  and  the  resulting 
audio  oscillation  decreases  in  fre¬ 
quency.  If  the  grid  voltage  is  made 
sufficiently  negative,  C,  vill  charge 
up  to  B-f  voltage  without  firing  Ti, 
and  there  will  be  no  audio  signal. 

The  voltage  swing  at  the  input  to 
the  audio  amplifier  grid  circuit  is 
smaller  as  the  frequency  increases, 
since  the  peak  voltage  across  Ci  is 
smaller  for  higher  frequencies.  This 
is  not  objectionable,  for  the  C,-P, 


gauge  (or  the  amplified  output,  for 
greater  sensitivity)  tapped  off  Pi. 
As  the  vacuum  reading  changes,  be¬ 
cause  of  an  actual  change  in  pres¬ 
sure  or  due  to  an  apparent  change 
caused  by  covering  a  leak  with  gas, 
the  grid  voltage  will  be  altered,  with 
a  resulting  change  in  oscillation  fre¬ 
quency. 

Utlag  the  Indieoter 

For  leak  hunting,  the  frequency- 
modulated  audio  oscillator  or  howler 
is  employed  as  follows: 

The  output -voltage  of  the  vacuum 
gauge  or  mass  spectrometer  is  fed 
into  the  thyratron  grid  circuit  of  the 
device  and,  with  the  vacuum  system 
at  a  steady  pressure,  the  audio  oscil¬ 
lator  is  set  to  produce  any  desired 
frequency,  preferably  a  low  one,  by 
means  of  P„  the  balance-frequency 
or  steady-frequency  control.  The 
operator  then  sprays  the  suspected 
part  with  gas,  and  when  a  leak  is 
encountered,  the  pitch  of  the  oscil¬ 
lation  is  automatically  changed,  indi¬ 
cating  that  a  leak  has  been  found. 

At  low  frequencies  the  ear  is  very 


The  three  units  oi  the  audio  odd  ior  racuum-leok  hunting.  A  smaller  loudspeaker 
could  be  used  in  qiuet  surroundings 


circuit  can  be  designed  to  com¬ 
pensate  for  the  high-frequency 
signal  attenuation  by  cutting  down 
the  transmission  of  low  frequencies. 
In  addition,  the  ear  is  more  sensitive 
to  the  higher  frequencies  than  to  the 
lower  frequencies.  The  net  result 
is  that  with  volume  control  P,  set  at 
any  value,  the  output  intensity 
sounds  quite  constant  as  the  fre¬ 
quency  is  varied  from  low  to  high- 
values. 

The  thyratron  control  grid  voltage 
is  the  sum  of  the  voltage  tapped  off 
the  potentiometer  P,  and  the  part  of 
the  output  voltage  of  the  vacuum 


sensitive  to  small  changes  of  pitch, 
and  thus  the  operator  need  not  con¬ 
centrate  on  the  tone  value  of  the 
oscillation  If  the  circuit  is  desigr  =‘d 
so  that  the  frequency  decreases  when 
a  leak  is  encountered,  and  the  bal¬ 
ance  frequency  is  set  at  a  very  low 
value,  then  the  howler  will  stop 
oscillating  when  gas  hits  a  leak. 

An  oscillogram  of  the  howler  in 
operation  is  shown  in  Fig.  3.  The 
input  to  the  howler  in  this  case  was 
the  voltage  developed  across  the  in¬ 
put  resistance  of  the  electronic 
microammeter  circuit  commonly  em¬ 
ployed  in  ionization  gauges.  This 


represented  about  two  volts,  and  pro¬ 
duced  a  steady  howler  frequency 
with  a  fundamental  component  of 
about  300  cps.  As  soon  as  gas  began 
to  leak  into  the  vacuum  system,  the 
ion  gauge  current  increased;  decreas¬ 
ing  the  frequency  of  oscillation  grad¬ 
ually  to  about  180  cps  in  0.3  seconds, 
and  then  blocking  oscillations  com¬ 
pletely. 

Details  of  Detlge 

A  complete  schematic  wiring  dia¬ 
gram  of  the  apparatus  is  shown  in 
Fig.  4.  The  6SN7  is  a  d-c  amplifier 
for  increasing  the  output  frequency 
change  with  a  given  ion  current 
change.  In  operation,  the  sensitivity 
control  potentiometer  is  put  in  paral¬ 
lel  with  the  input  to  the  ion  gauge 
electronic  microammeter  (or  in 
series  with  a  galvanometer,  in  case 
the  ion  gauge  plate  current  is  read 
on  such  an  instrument.)  This  input 
voltage  is  amplified  by  the  6SN7,  and 
is  fed  from  the  plate  of  that  tube  to 
the  control  grid  of  the  2050  thyra¬ 
tron.  The  net  control-grid  voltage 
is  the  difference  between  the  vari¬ 
able  6SN7  plate  voltage  and  the  rela¬ 
tively  constant  neon  tube  drop.  As 
the  6SN7  plate  voltage  decreases,  the 
oscillator  frequency  drops.  A  posi¬ 
tive  signal  input  to  the  grid  of  the 
6SN7  will  result  in  lowered  oscillator 
frequency. 

It  had  been  found  that  with  the 
circuit  constants  given  satisfactory 
operation  is  obtained  by  setting  the 
steady-state  frequency  control  to 
produce  a  30-cycle  output.  With  this 
setting,  an  increase  of  ion  gauge  cur¬ 
rent  corresponding  to  an  increase  in 
howler  input  voltage  of  1/40  volt, 
stops  howler  oscillations.  This  input 
voltage  change  of  1/40  volt  cor¬ 
responded  in  one  instance  to  a  pres¬ 
sure  change  of  less  than  lO'^mm,  or 
10"*  microns  on  the  most  sensitive 
scale  of  the  ion  gauge.  With  the  aid 
of  this  howler  and  an  ionization 
gauge,  leaks  so  small  have  been 
found  that  repairing  three  of  them 
improved  the  vacuum  by  less  than 
lO'^mm.  A  distinct  change  in  howler 
pitch  can  be  heard  before  a  shift  in 
ion  gauge  meter  reading  can  be  seen. 

The  sensitivity  of  the  circuit  is 
so  great  that  the  sensitivity  control 
had  to  be  set  quite  low  to  obtain  the 
oscillogram  of  Fig.  3.  If  full  sen¬ 
sitivity  were  used,  the  change  of  in¬ 
put  voltage  needed  to  block  30-cycle 
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steady  oscillations  would  be  so  small 
that  it  would  not  show  on  the  oscil¬ 
lographic  record,  and  the  ionization 
gauge  voltage  would  appear  as  a 
straight  line. 

The  circuit  illustrated  can  be 
readily  redesigned  to  produce 
greater  sensitivity  by  using  a 
higher-gain  tube  in  the  d-c  amplifier, 
possibly  a  6J7.  The  increased  fre¬ 
quency  drift  that  might  result  would 
not  be  objectionable,  since  the  drift 
would  still  be  slow  in  comparison  to 
the  sudden  change  in  pitch  resulting 
from  a  leak  being  Encountered.  A 
stabilized  B  supply  will  reduce  drift 
considerably. 

Refinements  of  Design  and  Use 

The  howler  can  be  used  as  a  rough 
quantitative  indicator  of  leak  magni¬ 
tude.  The  frequency  is  set  very  low 
for  leak  hunting,  to  ensure  maximum 
sensitivity  due  to  oscillation  ceasing 
when  a  leak  is  encountered,  and  the 
sensitivity  control  is  set  for  highest 
sensitivity.  When  the  leak  is  dis¬ 
covered,  one  may  increase  the 
steady-state  frequency,  and  see  if 
applying  gas  to  the  leak  again  re¬ 
duces  the  oscillation  frequency  to 
zero.  A  large  leak  will  result  in 
oscillations  being  cut  off  even  if  the 
howler  is  set  at  5000  cycles,  whereas 
a  small  leak  will  drop  the  pitch 
noticeably  at  this  range,  but  will  not 
block  the  oscillator.  In  case  the  leak 
is  so  large  that  oscillations  are  cut 
off  even  with  the  steady-state  fre¬ 
quency  set  at  its  upper  limit,  the 
sensitivity  can  be  reduced  and  the 
test  procedure  repeated. 

The  type  of  leak  can  also  be  de¬ 


FIG.  4 — Complete  circuit  diagram  of  the  audio  aid.  A  d-c  amplifier  is  used  ahead 
of  the  2050  thyratron  to  increoue  audio  output  frequency  change  with  racuum 

chamber  ion  change 


duced  from  the  behavior  of  the 
howler.  If  the  leak  is  over  a  long, 
tortuous  path,  such  as  the  thread 
of  a  screw  joint  or  gauge  connection, 
or  a  long  seam  weld  blow-hole,  then 
the  frequency  will  drop  very  slowly, 
and  there  may  be  a  delay  of  a  few 
seconds  between  application  of  the 
gas  stream  to  the  leak  and  response 
of  the  howler.  If  the  leak  is  directly 
entrant  into  the  vacuum  system,  the 
frequency  will  drop  very  rapidly 
within  a  second  of  application  of  gas 
to  the  surface  of  the  vacuum  system 
at  the  leak. 

A  pair  of  phone  jacks  and  a  jack- 
loudspeaker  selector  switch  may  be 
provided  if  a  loudspeaker  is  objec¬ 


tionable  to  others  in  the  work  area; 
two  men  may  use  earphones  for 
simultaneous  work  on  different  parts 
of  the  vacuum  system.  Most  of  the 
space  in  the  main  cabinet  is  occupied 
by  the  d-c  power  supply.  When  the 
howler  is  built  integral  with  an  ion 
gauge  or  mass  spectrometer,  the  d-c 
supply  needed  for  the  latter  device 
may  be  utilized.  In  general,  a  6A3 
is  much  more  powerful  than  the  ap¬ 
plication  -requires,  expecially  if  ear¬ 
phones  are  used,  and  a  twin-triode 
tube  can  be  employed  for  the  d-c  am¬ 
plifier  and  audio  amplifier.  Thus, 
only  two  additional  tubes  are  needed 
for  a  howler  under  these  circum¬ 
stances. 


INPUT  TO  OSCILLATOR  FROM  ION  GAUGE 

.  AA)  GAS  BEGINS  TO  ENTER  THROUGH 
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2  VOLTS 

OSCILLATION 

STEADY  PRESSURE 

FREQUENCY  DECREASING 

LOUDSPEAKER  / 

1  ZERO  LINE 

60-.TIMIN6 

COIL  CURRENT' 

»  y  y  y  V  '1?.  #  y  V 

FIG.  3 — Oscillogram  showing  how  ths  audio  aid  op  orates.  Looks  may  bo  dotoctod  by  listening  for  Toria- 
tion  in  audio  frequency,  or  by  cessation  of  audio  oscillation,  depending  upon  how  the  derice  is  adiusted 
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The  electronic  engineer  is  often 
confronted  with  the  problem  of 
changing  circuits  with  a  minimum 
loss  of  time  or  error.  While  some 
rather  foolproof  systems  have  been 
devised  which  have  served  their 
purpose  well,  in  general  they  have 
been  complicated  in  nature.  Also, 
an  occasional  job  arises  that  would 
hardly  justify  such  costly  and  elab¬ 
orate  set-ups. 

A  fairly  effective  yet  inexpensive 
instantaneous  switching  system  can 


Circuits  are  pre-set  to  numbered  switches.  Throw¬ 
ing  one  switch  disconnects  any  line  in  use  and  con¬ 
nects  the  desired  one  to  the  outgoing  channel  without 
key  clicks.  More  exacting  requirements  are  filled  by 
addition  of  relays  and  indicator  lamps  that  also 
provide  remote  switching 
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be  built  around  the  basic  circuit  il¬ 
lustrated  in  Fig.  1.  Only  one  switch 
can  connect  its  circuit  to  an  outgo¬ 
ing  channel  at  one  time.  In  the  ex¬ 
ample  shown,  switch  3  connects  cir¬ 
cuit  3  to  the  output.  At  the  same 
time  switch  5,  in  the  ON  position,  is 
all  set  to  take  over  the  moment 
switch  3  is  turned  off.  For,  as 
switch  3  is  flipped  off,  first  it  discon¬ 
nects  circuit  3  from  the  outgoing 
channel,  and  then  it  connects  switch 
5  through  switches  1  to  4  to  the  out¬ 
going  channel. 

The  arrangement  has  three  ad¬ 
vantages  :  circuits  can  be  pre-set  in 
the  order  in  which  they  are  to  be 


used,  so  that  switching  becomes  vir¬ 
tually  errorless  and  semi-auto¬ 
matic;  secondly,  the  switching  will 
be  practically  instantaneous  since 
it  is  achieved  by  one  flip  of  a 
switch ;  and  thirdly,  the  circuits  are 
mechanically  interlocked,  therefore 
only  one  circuit  can  be  put  on  the 
outgoing  channel  at  a  time. 

Appllcatioas 

Any  number  of  circuits  can  be 
tied  in.  They  can  be  connected  di¬ 
rectly  to  the  switches  permanently, 
or  for  more  flexibility,  jacks  can  be 
provided  as  shown  in  Fig.  2  so  that 
any  incoming  or  outgoing  available 
circuit  can  be  patched.  Again,  by 
using  a  second  similar  system  so 
that  one  selector  feeds  into  the 
other,  very  involved  switching  can 
easily  be  controlled  by  using  two 
hands.  One  selector  can,  for  in¬ 
stance,  choose  the  outgoing  channel, 
while  the  other  selector  could  choose 
the 'incoming  material.  Such  cir¬ 
cuits  can  be  extended  to  be  operated 
by  cam  and  motor-driven  devices  for 
continuous  instantaneous  switch¬ 
ing. 

When  double-pole,  double-throw 
switches  are  connected  in  this  man¬ 
ner,  balanced  or  unbalanced  lines 
can  be  switched  directly  into  a  par¬ 
ticular  channel.  Such  a  unit  is  illus¬ 
trated  schematically  in  Fig.  2  and 
finds  special  application  in  monitor¬ 
ing  work  or  where  tolerances  are 
not  too  stringent. 

With  the  proper  channel  selected, 
and  the  master  switch  in  the  OFF 


FIG.  1 — ^Basic  switching  circuit  that  pre- 
Tsnts  more  than  one  incoming  program 
from  feeding  on  output  channel 


nmiT 


FIG.  2 — Complete  circuit  of  switching  unit  for  feeding  any  one  of  five  circuits  into  either 

of  two  channels 
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Program  Switching 
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Pan«l  of  instantaneous  switching  unit 


An  OWI  englnosr  prsparos  to  switch  a  program  food  to  the  monitoring  room  in  Now  York 


position,  the  operator  patches  his 
receivers,  recorders,  amplifiers,  and 
so  forth  to  input  circuits  1  to  5  (or 
more)  in  the  order  in  which  they 
are  to  be  used.  The  switches  are  all 
turned  on  but  the  first  switch  on 
will  have  control,  going  from  left  to 
right.  If  the  master  switch  is  kept 
off,  it  can  be  used  to  start  the  first 
program  “on  the  nose.”  When  a 
change  is  required,  snapping  the 
first  switch  to  OFF  will  turn  off  its 
circuit  and  put  the  next  one  on 
whose  switch  is  set  to  ON.  If  the 
operator  must  return  to  a  previous 
circuit  again,  merely  dipping  that 
switch  on  will  cut  the  succeeding 
circuit  and  put  its  own  circuit  back 
on. 

Contiuuous  Racording 

The  switch  that  selects  either 
channel  A  or  channel  B  is  an  ar¬ 
rangement  especially  advantageous 
in  switching  from  one  recorder  to 
another.  With  the  first  recorder 
cutting  a  program  that  must  be 
continued  on  another  blank,  the  op¬ 
erator  starts  his  second  recorder 
cutting  a  silent  groove  about  thirty 
seconds  before  he  intends  to  switch. 
Then  at  some  convenient  pause  or 
break  in  the  program  he  throws  this 
switch.  The  first  recorder  will  re¬ 
cord  no  longer  but  will  cut  a  silent 
groove,  while  the  second  recorder 
will  cut  the  program  material.  The 
switch-over  will  be  clean-cut  and 
smooth  so  that  not  even  a  syllable 
will  be  lost.  An  operator  has  full 
control  of  the  situation,  with  plenty 
of  time  for  starting  the  second  rec¬ 
ord  and  leisurely  removing  the  first 
one. 

Even  more  intricate  switching 
can  be  as  easily  controlled.  If  two 
programs  are  to  alternate  over  two 
different  channels,  two  switches 
thrown  simultaneously  will  accom¬ 
plish  the  entire  operation.  The  in¬ 
put  and  output  are  then  used  in  re¬ 
verse.  Channel  A  is  made  to  feed 
the  first  program,  channel  B  feeds 
the  succeeding  program,  and  two  re¬ 


corders  are  patched  to  switches  1 
and  2,  both  on.  Channel  A  will  feed 
its  material  to  circuit  1,  and  when 
channel  A  and  switch  1  are  dropped, 
channel  B  will  feed  circuit  2. 

The  master  switch  in  Fig.  2  al¬ 
lows  the  operator  to  set  up  all  his 
incoming  programs  ready  to  start 
at  the  desired  moment,  yet  the  mate¬ 
rial  will  not  apx)ear  in  the  outgoing 
channel.  Disregarding  the  jack  la¬ 
beled  RR  for  the  moment,  with  the 
master  switch  in  the  OFF  or  RR 
position,  nothing  will  be  fed  to  the 
outgoing  channel.  When  the  time 
approaches  for  a  feed,  throwing  it 
on  will  start  the  first  circuit  from 
the  left  whose  switch  is  in  the  ON 
position.  In  Fig.  2,  this  would  be 


circuit  3,  because  switch  3  is  the 
first  in  the  ON  position. 

Racaivlag  RamoHs 

By  connecting  the  jack  RR  into 
the  circuit,  it  is  possible  to  receive 
as  well  as  send  on  direct  lines  to  re¬ 
mote  points.  In  broadcasting,  this 
is  a  convenience  to  the  remote  con¬ 
trol  engineer  who  can  listen  to  the 
program  right  up  to  cue  time.  The 
operator  at  the  master  control  can 
feed  cue  down  the  line  to  the  remote 
point,  patching  it  into  circuit  1,  let 
us  say.  The  RR  jack  is  patched  to 
the  studio  consolette  remote  chan¬ 
nel.  As  the  announcer  finishes  his 
cue,  throwing  the  master  switch  to 
BR  position  will  cut  cue  and  put 
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the  remote  line  on  the  air,  putting: 
control  of  the  succeeding  program 
in  the  hands  of  the  remote  engineer. 
Here  again  the  result  is  smooth  er¬ 
rorless  switching  without  risky 
blind  feeds  from  remote  points.  The 
gain  control  works  in  the  same  di¬ 
rection  whether  receiving  or  send¬ 
ing  a  program. 

One  objectionable  flaw  with  the 
particular  system  of  Fig.  2  is  that 
^  the  circuits  operate  unloaded  except 
the  one  actually  feeding  the  line.  At 
the  OWI  radiophoto  and  monitoring 
receiving  station  at  Slingerlands, 
N.  Y.,  this  has  resulted  in  arcing 
and  grounded  secondaries  of  output 
transformers  of  receivers  when  op¬ 
erated  wide  open  for  long  periods 
unloaded.  This  difficulty  was  over¬ 
come  by  shunting  ten-watt,  1,000- 
ohm  resistors  across  the  outputs  to 
partially  load  the  amplifiers  of  the 
receivers.  Only  a  3-db  loss  by  actual 
measurement  was  introduced  by  the 
mismatch  with  no  noticeable  distor¬ 
tion  in  quality. 

For  more  exacting  requirements, 
a  circuit  such  as  Fig.  3  might  be  in¬ 
corporated,  which  has  the  additional 
feature  of  remote  control.  Here  the 


changeover  is  accomplished  by  sen¬ 
sitive  fast-acting  relays  commonly 
found  in  control  rooms  and  studios. 
The  four-pole,  double-throw  relays 
enable  the  individual  circuits  to  be 
loaded  constantly  until  actually  in 
service.  In  this  way  gaging  levels 
becomes  easier  since  the  load  resis¬ 
tors  Will  be  of  the  same  value  as  the 
line  impedance. 

The  control  voltage  used  to  oper¬ 
ate  the  relays  can  also  be  used  for 
indicating  lamps.  By  connecting  the 
operating  side  of  the  switches  in 
series  and  the  pre-setting  circuits  in 
parallel,  every  switch  in  the  ON  po¬ 
sition  will  operate  pre-set  lamps, 
but  only  the  switch  actually  in  con¬ 
trol  will  operate  the  ON  AIR  lamp. 
The  control-room  engineer  will 
know  instantly  which  circuit  is  hot, 
and  which  circuits  have  been  pre-set 
for  operation  in  sequence. 

Originally  there  was  some  ques¬ 
tion  as  to  the  effect  of  key  clicks  on 
switch-overs.  In  practice,  though, 
no  objectionable  reaction  was  no¬ 
ticeable  provided  the  levels  of  the 
various  circuits  were  almost  the 
same.  Even  with  the  receivers  un¬ 
loaded,  when  it  would  be  expected 


that  violent  reaction  would  take 
place  at  the  instant  of  loading,  the 
switching  was  normal. 

Monitor  Cirenit 

Because  it  is  So  important  that 
correct  levels  and  equal  levels  be 
maintained,  a  selector  switch  was 
included  to  enable  the  operator  to 
check  each  circuit  for  level  and 
quality  of  program  before  it  goes 
on  the  air.  Without  some  load  re¬ 
sistor,  the  readings  will  have  to  be 
considerably  higher  if  correct  level 
is  to  be  delivered  under  actual  oper¬ 
ating  conditions.  These  level  set¬ 
tings  will  have  to  be  determined  ex¬ 
perimentally,  when  the  unit  is 
installed.  By  introducing  the 
switching  unit  at  a  level  of  5  or  6 
db  below  zero  level,  switching  can 
be  done  right  at  the  telephone 
switchboard,  and  cross-talk  is  com¬ 
pletely  absent,  even  though  the  leads 
are  unshielded.  If  accomplished  at 
lower  levels,  there  may  be  danger 
of  noises  due  to  bad  switch  contacts 
and  so  forth,  while  higher  levels 
may  cause  cross-modulation,  re¬ 
quiring  full  shielding  of  switches 
and  their  leads. 
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FIG.  3— Modified  drcuit  with  roloys  for  romoto  control  of  tho  twitching  oporotions.  When  inputs  oro 
properly  potdied.  the  indicator  lomps  show  pre-set  inputs  in  sequence  and  the  program  on  the  air 


TUBE-SEASONING 


TIMER 


Versatile  unit  for  controlling  the  time 
schedule  of  cathode-ray  tube  seasoning 
racks  up  to  55  minutes.  Various  numbers 
of  tubes  can  be  seasoned  on  different  runs 


By  M.  SILVERMAN 

Production  Manager 
Cathode  Ray  Tube  Divinion 
North  American  Philipe  Co.,  Inc., 
Dobbs  Ferry,  N.  Y. 


Many  methods  can  be  evolved 
for  controlling  the  time  sched¬ 
ule  on  cathode-ray  tube  seasoning 
racks,  depending  only  on  the  ingen¬ 
uity  of  the  design  engineer.  Our 
company  developed  and  has  used  for 
some  time  a  satisfactory  system. 

Accuracy  of  time  periods  is  not  ex¬ 
tremely  critical  and  a  spring-driven 
timer  was  found  quite  adequate  for 
the  job.  The  one  we  used  was  made 
by  Walser  Automatic  Timer  Co.  Fig¬ 


ure  1  shows  the  diagram  of  connec¬ 
tions. 

The  switching  arrangement  throws 
resistors  in  and  out  of  the  heater  cir¬ 
cuit  to  change  heater  voltage.  Minor 
variation  in  the  number  of  tubes  on 
the  rack  for  different  runs  is  no 
serious  problem.  A  complete  load  of 
20  tubes  is  standard  practice.  How¬ 
ever,  absence  of  one  or  two  tubes 
from  the  rack  does  not  affect  current 
drawn  through  R,  and  R,  materially. 


FIG.  1 — Circuit  showing  tho  arrangement  oi  switches,  resistors  and  tronsiormers 


Six  automatic  time-switches  ore  mounted 
on  a  vertical  panel 


Voltage  drop  across  the  resistors  is 
practically  unchanged. 

Switches  can  be  adjusted  either  to 
open  or  close  a  circuit  after  a  prede¬ 
termined  time  interval.  To  start, 
proper  settings  are  applied  to  all 
timers.  This  leaves  the  rack  as  shown 
in  the  diagram,  with  the  a-c  line  con¬ 
nected  and,  in  a  typical  cathode-ray 
tube  test,  with  11  volts  impressed 
across  the  heaters.  Operation  then 
proceeds  as  follows: 

1  Opens  after  10  minutes ;  Throws 

in  Ri  and  lowers  heater  volt¬ 
age  to  10  volts 

2  Closes  after  10  minutes;  Turns 

on  Ai,  A„  and  deflection 
plates 

3  Opens  after  45  minutes;  Low¬ 

ers  heater  voltage  to  9  volts 

4  Opens  after  45  minutes;  Turns 

off  Alt  At,  and  deflection 
plates 

5  Closes  after  45  minutes;  Turns 

on  grid 

6  Opens  after  55  minutes ;  Turns 

off  a-c  line 

This  tjrpe  of  timer  is  extremely 
versatile  and  permits  considerable 
latitude  in  schedule  changes.  The 
longest  possible  time  interval  is  55 
minutes  which,  in  our  experience,  has 
proved  ample. 


ELECTRONICS  — fehroory  1946 


145 


PRODUCTION 


The  use  of  supervoltage  x-ray 
units  in  the  examination  of  large 
shells  and  bombs  during  the  last  year 
of  the  war  permitted  saving  much 
ordnance  which  might  otherwise  have 
been  rejected.  It  is  now  possible  to 
reveal  details  of  these  2,000-kvp 
(kilovolt  peak)  installations.  Al- 


shells  and  then  x-raying  them  again 
to  determine  whether  the  flaw  has 
been  remedied.  When  all  factors  are 
under  control,  this  can  make  possible 
the  virtual  elimination  of  rejects  due 
to  defects  in  chemical  charge. 

The  other  advantages  of  x-rays 
over  destructive  testing  are  obvious : 


Plan  and  eloTation  oi  2.000.000-volt  x-ray  installation.  Rotating 
tiimtable  carries  bombs  or  shells  around  x-roy  tube.  Speed  of 
turntable  governs  duration  oi  exposure 


though  four  were  placed  in  operation,  they  permit  inspecting  the  entire  Comparison  of  radiographic  speeds  of 


the  Elwood,  Illinois  plant  operated  by  shell  (not  just  the  two  mating  sur-  General  Electric  one-  and  two-million  volt 


Sanderson  &  Porter  will  be  described 
because  the  ammunition  produced 
here  was  larger  and  the  installation 


faces  of  a  split  of  cross-section), 
provide  a  permanent  record  of  the 
defect,  and  permit  re-working  of  the 


x-roy  units,  showing  (he  higher-voltage 
machine  to  be  about  100  times  faster  than 
the  lower-voltage  unit 


is  more  recent  than  the  others.  defective  shell. 


Advoitoges  of  Sopor-Veltogo  X*royt 

Instead  of  hit-or-miss  destructive 
testing,  in  which  hundreds  of  shells 
are  rejected  if  a  major  defect  is 
found  in  one  unit  of  a  sub-lot,  ord¬ 
nance  plants  can  now  make  non¬ 
destructive  tests  showing  flaws  at 
any  depth  or  thickness  in  the  ammu¬ 
nition.  The  speed  of  such  high-volt¬ 
age  x-ray  equipment  permits  the 
examination  of  each  piece  of  ammu¬ 
nition  in  a  suspect  sub-lot.  It  also 
allows  re-working  of  all  defective 


An  advantage  of  higher  voltages 
is  that  the  work  may  be  placed  at  a 
greater  distance  from  the  tube,  thus 
permitting  a  larger  area  to  be  sub¬ 
jected  to  x-radiation  while  still  main¬ 
taining  a  relatively  high  radiation 
strength.  Thus,  even  with  thinner 
sections,  high-voltage  x-rays  are  ad¬ 
vantageous.  It  is  also  possible,  with 
the  more  powerful  radiation,  to  use 
film  of  less  speed  but  greater  con¬ 
trast,  making  up  to  some  extent  for 
the  loss  in  contrast  from  exposure  of 
film  to  shorter  wavelength. 


Placing  the  part  at  a  greater  dis¬ 
tance  from  the  tube  also  increases 
detail  and  decreases  distortion  of  the 
pictures  by  reducing  the  angle  at 
which  rays  strike  the  part. 

The  2,000,000-volt  unit  was  in¬ 
stalled  at  Elwood  in  time  to  aid  in 
the  quality  control  of  a  new  type 
shell  having  a  much  deeper  booster 
cavity  than  was  previously  made.  The 
resultant  pouring  problems  were 
rapidly  solved  by  means  of  the  thor¬ 
ough  inspection  possible  with  x-radi¬ 
ation.  For  an  8-inch  thickness  of 
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Radiographa  of  250*pound  TNT>fillod  bombs,  on  riewer  for  examination.  Arrow  points  to  coritotion  in  top-off,  a  cause  for  rejection 
30lo^ — Closeup  of  milUon-Tolt  x-ray  tube  boring  same  sectional  construction  and  intermediate  glectrodes  as  new  2.000,000-rolt  tube 


CONTROL 


By  DAVID  GOODMAN 

General  Electric  X-ray  Corporation 
Chicago,  Illinois 


with  2,000,000-volt  X-rays 


Details  of  super-voltage  installation  using  conventional  x-ray  ti  be  construction  and  resonant 
transformer,  and  description  of  continuous  industrial  radiographic  setup  used  during  war 
for  inspection  of  powder  charges  in  large  loaded  shells  and  homhs 


steel,  the  2,000,000-volt  unit  is  100 
times  faster  than  a  1,000, 000- volt 
unit.  What  is  lost  in  contrast  and 
sensitivity  through  using  the  higher- 
voltage  machine  is  more  than  gained 
by  detection  of  defects  in  materials 
having  widely  varying  densities  and 
thicknesses. 

R*1l*eted  and  Transmitted  Beams 

That  portion  of  the  x-ray  beam 
which  is  reflected  from  the  anode  of 
the  tube  (the  portion  coming  from 
the  electron-stream  side  of  the  tar¬ 
get)  was  used  for  radiography  of 
shells  and  bombs  carried  around  the 
machine  on  a  continuous  ring  con¬ 
veyor  (described  later),  while  the 
beam  transmitted  through  the  anode 
was  utilized  for  x-raying  of  still 
larger  shells  and  bombs  in  the  base¬ 
ment.  Actually,  when  the  electrons 


strike  the  target  in  an  x-ray  tube, 
x-radiation  is  given  off  in  all  direc¬ 
tions,  like  the  explosion  of  a  shell. 
Radiation  in  the  half-sphere  on  the 
electron-beam  side  of  the  target  is 
called  the  reflected  beam,  while  radi¬ 
ation  in  the  other  half-sphere  is 
called  the  transmitted  beam  because 
this  goes  through  the  target.  Both 
beams  are  identical  and  may  be  used 
simultaneously.  Lead  cones  are  used 
above  and  below  the  target  to  limit 
each  beam  to  the  area  desired. 

When  no  operations  are  under  way 
in  the  basement,  a  12-inch  thick  lead 
shutter  absorbs  the  transmitted 
beam.  Items  handled  in  the  base¬ 
ment  would,  as  a  rule;  be  those  of  ex¬ 
tremely  large  size,  too  large  or  too 
few  to  handle  on  the  ring,  where  size 
range  is  limited  and  production-line 
technique  is  demanded  for  economi¬ 


cal  operation.  The  transmitted  beam 
is  more  penetrating  than  the  re¬ 
flected  beam. 

The  use  of  the  transmitted  beam 
in  basement  operations  also  permits 
experimental  and  occasional  radio¬ 
graphy  without  interfering  with  the 
production  run  on  the  turntable  ring, 
and  permits  radiography  of  objects 
much  larger  than  those  adaptable  to 
turntable  handling. 

Load  Masking  and  Protection 

In  the  Elwood  installation,  a  10-  ^ 
inch  thick  lead  cone  is  placed  on  the 
floor  around  the  anode,  with  openings 
to  permit  irradiation  over  a  horizon¬ 
tal  angle  of  180  degrees  as  ammu¬ 
nition  is  carried  through  the  expo¬ 
sure  area  by  the  ring.  In  addition, 
a  series  of  lead  plates  called  the 
primary  curtain  is  placed  around  the 
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Left — ^Lowering  freon-filled  resonant  transformer  into  operating  position.  X-ray  tube  is  in 
center  of  transformer.  Right — High-voltage  aging  of  2.000.000-volt  x-ray  tube  inside  freon- 
filled  glass  cylinder  prior  to  installation  in  resonant  transformer 


opening  of  the  cone  to  produce  a  uni¬ 
form  density  on  the  film  in  spite  of 
the  varying  thicknesses  of  the  shell 
or  bomb. 

A  lead  filter  one-eighth  inch  thick 
is  placed  between  the  object  and  the 
film  to  screen  the  longer  wavelengths, 
thus  increasing  film  latitude  (ability 
to  reveal  a  range  of  cross-sections  on 
a  single  film)  and  to  filter  out  second¬ 
ary  and  scattered  radiation  resulting 
from  the  passage  of  x-rays  into  the 
ammunition  and  surrounding  parti¬ 
tions. 

Lead  is  also  employed  in  the  form 
of  silhouetted  diaphragms  which 
frame  each  piece  of  ammunition,  pre¬ 
venting  fogging  of  film  by  radiation 
which  passes  between  pieces  of  am¬ 
munition.  In  addition,  a  lead  shield 
is  placed  behind  the  film  and  in  front 
of  a  concrete  innerwall.  This  shield¬ 
ing  forms  a  half-circle  16  feet  in 
diameter,  6  feet  high  and  i  inch 
thick,  protecting  the  area  outside 
from  the  primary  radiation  and  re¬ 
ducing  scattered  radiation  to  a  mini¬ 
mum. 


The  basic  protection  to  personnel 
consists  of  this  internal  concrete  wall 
and  its  lead  shield,  plus  the  24-inch 
thick  concrete  floor  and  walls  and  the 
12-inch  thick  lead  shutter  that  stops 
the  transmitted  beam  when  no  work 
is  in  progress  in  the  basement. 

Shell  Loading  Problems 

Defects  which  commonly  occur  in 
shell  loading  fall  into  five  classifica¬ 
tions:  (1)  The  annular  ring  around 
the  deep  booster  cavity;  (2)  the  cavi¬ 
tation  below  the  guiding  sleeve;  (3) 
scattered  cavitation,  often  due  to 
faulty  working  of  scrap  into  the 
poured  charge;  (4)  cracked  casts; 
(5)  impurities  of  various  types.  In 
addition,  there  is  a  special  flaw 
termed  crystallization,  which  is  attri¬ 
buted  to  hesitation  in  the  pour. 
Failure  to  pour  continuously  permits 
some  of  the  charge  to  harden  on  the 
exterior  surface  before  additional 
charge  is  poured. 

X-ray  inspection  makes  it  possible 
to  study  a  larger  percentage  of  the 
shells  produced,  thus  enabling  man¬ 


agement  to  determine  whether  the 
methods  of  any  particular  person 
are  resulting  in  defective  shells. 
Where  this  is  difficult  to  determine, 
individual  pourings  can  be  x-rayed 
in  the  basement  until  the  exact  cause 
is  determined.  This  is  of  great  im¬ 
portance  in  a  field  such  as  this,  where 
high-quantity  production  of  a  few 
unvarying  items  is  the  rule. 

Th*  X-Roy  Mocliine 

Two  principal  factors  made  pos¬ 
sible  the  construction  of  a  machine 
operating  on  2,000,000  volts  and  yet 
capable  of  being  housed  in  a  reason¬ 
ably-sized  room.  One  was  the  devel¬ 
opment  of  a  large  low-frequency 
resonant  transformer  which  per¬ 
mitted  insertion  of  the  long  x-ray 
tube  in  the  center;  the  other  was 
the  tube  itself,  actually  a  further 
development  of  the  12-section  ferni- 
co-ring  design  used  on  the  1,000,000- 
volt  apparatus.  Permanently  vacuum- 
sealed,  the  2,000,000-volt  tube  con¬ 
tains  24  intermediate  electrodes 
whose  function  it  is  to  make  the 
potential  gradient  uniform  across 
the  tube. 

The  transformer — heart  of  the 
electrical  system — has  a  low-voltape 
winding  consisting  of  two  flat  coils 
of  rectangular  wire  and  a  high-volt¬ 
age  coil  with  243  thin  flat  sections 
spaced  apart  for  cooling.  The  ob¬ 
taining  of  a  uniform  potential  gradi¬ 
ent  along  the  length  of  the  coil  stack 
is  facilitated  by  spacing  the  upper 
coils  more  closely  than  those  at  the 
lower  end.  Thus,  radial  spring  taps 
to  the  x-ray  tube  can  be  used  to  sup¬ 
ply  the  proper  voltage  to  each  of  thp 
24  electrodes  in  the  tube. 

Three  improvements  are  made  pos¬ 
sible  by  using  a  resonant-type  trans¬ 
former — reduced  w’eight  due  to  elim¬ 
ination  of  the  iron  core,  elimination 
of  insulation  space  between  core  and 
high-voltage  winding,  and  easier  tube 
connections.  The  high-voltage  wind¬ 
ing  has  a  natural  frequency  of 
oscillation  of  180  cycles  per  second. 
This  is  derived  from  the  60-cycle  sup¬ 
ply  line  through  a  synchronous  mo¬ 
tor-generator  set  which  eliminates 
the  effect  of  line  voltage  fluctuations. 
It  is  this  step-up  in  frequency  that 
permits  eliminating  the  iron  core  in 
favor  of  resonance. 

The  tube  has  a  filamentary  cathode, 
a  copper-backed  tungsten  target 
mounted  in  the  lower  end  of  an  ex- 
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Turntable-loading  area  of  industrial  setup  for  continuous  radiographic  inspection  of 
loaded  shells.  Exposed  film  cassettes  are  carried  to  developing  rooifl  by  overhead 

conveyor 


tension  chamber,  and  cylindrical 
accelerating  electrodes  in  each  of 
the  24  intermediate  sections.  The 
chamber  walls  and  the  target  are 
cooled  by  water.  Sandblasting  the 
inside  glass  walls  of  the  tube  elim¬ 
inates  dangerous  field  current  which 
might  otherwise  result  from  the  ap¬ 
plication  of  increased  voltage  to  each 
tube  section. 

Two  exciters  are  used  on  the  fre¬ 
quency  changer.  One  supplies  the 
motor  field,  focusing  coil,  and  elec¬ 
tronic  protective  relays.  The  other 
supplies  only  the  alternator  field.  The 
180-cps  voltage  to  the  high-tension 
transformer  is  controlled  by  adjust¬ 
ing  the  field  current  of  the  d-c  ex¬ 
citer. 

Complex  Safety  Interlocks 

The  electrical  system  of  this  instal¬ 
lation  is  so  thoroughly  interlocked 
with  safety  devices  and  so  many 
systems  are  connected  in  series  that 
it  is  impossible  to  produce  x-radiation 


Control  panel  for  two-ndllion-volt  x-roy 
machine 


unless  all  factors  are  in  order.  In 
addition,  a  warning  bell  sounds  in 
the  x-ray  room  in  case  personnel  are 
caught  inside  after  the  door  has  been 
closed.  This  is  the  signal  that  the 
x-ray  is  about  to  be  operated.  When 
he  hears  this,  the  person  inside  has 
merely  to  press  a  button  to  interrupt 
the  circuit  and  sound  an  alarm. 

Coav«yor*LiM  Tcchnlqaet 

The  x-ray  process  begins  when  a 
lift-truck  takes  finished  shells  off  the 
production  line  and  brings  them — a 
skid  at  a  time — to  the  ring  loading 


section  behind  the  x-ray  room.  Here, 
on  that  half  of  the  ring  which  is 
outside  the  x-ray  room,  the  personnel 
load  and  unload  the  constantly-mov¬ 
ing  conveyor,  which  is  driven  by  a 
5-hp  motor  operating  through  an  ad¬ 
justable  speed  reducer,  a  traction 
cone  and  a  second  speed  reducer. 

The  length  of  time  required  for  the 
ring  to  traverse  the  interior  of  the 
room  determines  the  exposure.  The 
exposure  can  also  be  regulated  by 
the  use  of  lead  shields  to  form  a 
primary  curtain  that  screens  part  of 
the  primary  beam,  and  by  changing 
milliamperage. 

The  ring  passes  through  the  wall 
at  the  rear  of  the  room  within  a  lead- 
lined  tunnel  that  is  fitted  with  lead- 
rubber  baffles  around  the  exterior 
ports.  The  mountings  on  the  ring 
are  arranged  with  vertical  lead 
shields  between  each  shell.  There 
are  always  at  least  two  of  these 
shields  in  the  tunnel  at  any  one  time. 
Thus,  lead  protection  is  provided  in 
three  planes,  two  of  them  at  right 
angles  to  the  third. 

The  films  in  their  cassettes  pass 


through  the  x-ray  room  with  the 
shells,  then  travel  by  conveyor  from 
the  unloading  area  through  a  light- 
baffled  tunnel  into  the  darkroom. 
Here  an  interruption  in  the  produc¬ 
tion-line  system  is  necessary  to  place 
the  films  on  hangettes  used  in  the 
completely  automatic  Pako  film  devel¬ 
oping  unit,  which  not  only  moves  the 
films  at  a  prescribed  rate  from  one 
solution  to  another,  but  also  raises 
and  lowers  the  films  while  in  each 
solution  in  order  to  insure  positive 
contact  of  the  solution  with  the  film 
surface.  The  conveyor  system  on 
this  device  also  lifts  the  developed 
film  from  the  wash  tank  and  carries 
it  through  a  light-baffling  tunnel  into 
the  viewing  room. 

Since  only  a  small  proportion  of 
the  developed  films  need  be  saved, 
most  of  them  are  read  while  wet,  hav¬ 
ing  been  run  through  the  wash  only 
long  enough  to  permit  immediate 
viewing.  This  not  only  saves  time 
on  the  viewing  end  but  also  permits 
shells  to  move  out  faster,  because 
their  condition  is  being  checked  more 
rapidly. 
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Measuring 


FIG.  1 — Criticol  points  from  which  pulse  characteristics  are  meouured 


Measurement  of  pulse  charac¬ 
teristics  has  been  developed 
to  a  high  degree  of  precision  in  the 
past  few  years.  The  relatively  crude 
method  of  measurement  using  a  lin¬ 
ear  saw-tooth  sweep  has  been  sup¬ 
planted  by  more  sophisticated  means 
such  as  circular,  spiral,  or  expanded 
sweeps. 

By  using  the  principle  of  coinci¬ 
dence  the  method  described  herein 
is  capable  of  high  accuracy  without 
requiring  great  skill  on  the  part  of 
the  operator,  and  therefore  lends  it¬ 
self  to  production  testing.  In  the 
laboratory  it  is  valuable  because  of 
its  adaptability  to  measurements  in 
the  0.1-  to  100-microsecond  range. 

Particular  applications  of  this 
method  of  measuring  pulses  are  in 
metering  velocity  of  light,  delays  at 
discontinuities  in  filters  and  trans¬ 
mission  lines,  in  television,  in  radar 
ranging,  and  for  calibrating  linear 
sweeps. 

Maasurlng  Pulse  Speclug 

•  This  method  of  pulse  measurement 
is  intended  to  increase  the  realizable 
accuracy  and  ease  of  measuring  (1) 
time  intervals  between  two  or  more 
pulses,  (2)  pulse  duration,  and  (3) 
pulse  growth  and  decay  times. 

Pulse  spacing  Ta  in  Fig.  1  is  the 
time  interval  between  any  two  cor¬ 
responding  parts  of  two  successive 
pulses  in  one  trigger  cycle.  The  dura¬ 
tion  of  the  pulse,  Tw»  is  arbitrarily 


FIG.  2 — To  observe  the  pulse  sequence 
shown  at  (A),  a  circular  sweep,  shown 
expanded  at  (B),  con  be  used.  At  syn¬ 
chronism  the  trace  appears  as  at  (C);  oil 
synchronism  it  appears  as  at  (D)  or  (E) 


defined  as  the  time  difference  be¬ 
tween  the  50-percent  amplitude 
points.  The  rise  time  Tr  is  the  time 
required  for  the  pulse  to  increase 
from  10  percent  to  90  percent  of  its 
full  amplitude.  Decay  time  To  is  the 
time  required  for  the  pulse  to  de¬ 
crease  from  90  percent  to  10  percent 
of  full  amplitude.  It  is  assumed 
throughout  this  discussion  that  the 
entire  phenomenon  to  be  measured 
occurs  in  one  repetition  period  and 
is  periodic  in  nature. 


Figure  2 A  shows  a  train  of  pulses 
as  they  would  appear  on  a  suitable 
linear  saw-tooth  sweep.  The  distance 
between  successive  pulses  is  propor¬ 
tional  to  their  time  spacing.  Im¬ 
agine  this  same  sweep  wound  like  a 
rope  so  that  it  appears  as  a  pile  of 
coils  as  in  Fig.  2B.  If  these  traces 
are  superimposed  upon  each  other 
and  if  the  circumference  of  each 
sweep  is  the  same  as  the  distance 
between  pulses,  the  picture  will  ap¬ 
pear  as  in  Fig.  2C.  If  the  length  of 
each  sweep  is  too  short  or  too  long 
the  result  will  appear  as  in  Fig.  2D 
or  2E.  In  other  words,  when  the 
length  of  one  circumference  is  just 
equal  to  the  pulse  spacing  only  one 
pulse  will  appear.  When  the  length 
of  the  sweep  is  held  constant  corres¬ 
ponding  to  some  predetermined 
amount  of  time,  the  pulse  spacing 
can  be  varied  until  coincidence  oc¬ 
curs.  On  the  other  hand,  if  the  pulse 


WIDTH*  5^c 
l-EWSm;7»SEC 


,puLse;wtDtHiib^c 


PULSE  WIDTH*  S^SEC 
WEEP  LENGTH  *2Q»SEC 


FIG.  3 — (A)  L«it — II  th*  pulse  to  be  meas¬ 
ured,  08  shown  at  the  top.  Is  dillerentiated 
by  such  a  circuit  as  this,  the  derivative 
pulses,  shown  in  the  middle,  are  ob¬ 
tained.  (B)  Right — To  measure  pulse 
width,  the  derivative  pulses  are  placed 
on  a  circular  sweep  and  either  the  sweep 
or  pulse  generator  adjusted  until  coinci¬ 
dence  is  obtained 
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Pulse  Characteiistics 


Method  and  equipment  for  rapid,  accurate  determination  of  pulse  characteristics  have  labo¬ 
ratory  precision  and  production-line  simplicity.  Basically,  circuits  and  techniques  measure 
time  by  obtaining  coincidence  with  a  standard  time  interval 
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spacing  is  held  fixed,  the  frequency 
which  determines  the  length  of  the 
circular  sweep  can  be  altered  until 
coincidence  results. 

Thus  this  technique  provides  a 
system  for  either  measuring  or  ad¬ 
justing  pulse  spacing.  The  method 
requires  a  setting  of  frequency  un¬ 
til  coincidence  is  obtained.  The  ac¬ 
curacy,  therefore,  is  dependent  on 
frequency  primarily  and  on  the  set¬ 
ting  or  resolution  error  in  obtaining 
coincidence.  No  complicated  judg¬ 
ments  or  measurements  are  re¬ 
quired  on  the  part  of  the  operator — 
a  desirable  fact  for  production  meas¬ 
uring  equipment. 

The  pulse  spacing  is  given  by  the 
equation 

Ts  =  l/fc  (1) 

where  Ts  is  the  pulse  spacing,  and  fc 
is  the  coincidence  frequency. 

Measuring  Pulse  Width 

Pulse  width  can  be  measured  in 
two  ways,  both  of  which  are  based  on 
the  spacing  measurement  just  de¬ 
scribed.  Referring  to  Fig.  3A  one 
sees  a  pulse  with  fairly  steep  sides 
shown  along  with  its  derivative. 
This  derivative'  can  be  obtained  in 
several  ways,  one  of  which  is  shown. 
When  the  differentiated  pulse  is  im¬ 
pressed  on  the  variable-frequency 
sweep,  patterns  similar  to  those  on 
Fig.  3B  result.  Essentially  the  pulse 
width  measurement  consists  of 
measuring  the  spacing  between  the 
two  pulses  obtained  by  differentiat¬ 
ing  the  leading  and  lagging  edges  of 
the  original  pulse. 

An  alternative  method  of  deter- 
ming  pulse  width  is  perhaps  more 
suitable  for  many  purposes.  This  is 
illustrated  by  Fig.  4.  The  figures  are 
self-explanatory  and  show  the  effect 
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on  the  pattern  of  increasing  the 
•  sweep  frequency.*  The  method  can 
be  applied  successfully  with  either 
elliptical,  circular,  or  flat  sinusoidal 
sweeps.  This  method  enables  de¬ 
termination  of  pulse  width  between 
points  of  any  required  percent  of 
maximum  pulse  amplitude. 

Measuring  Growth  and  Decay  Times 

One  method  of  measuring  growth 
time  depends  upon  the  procedure 
previously  described  for  pulse  width 
measurements.  If  the  pulse  width 
is  measured  as  described,  at  the  10- 
and  90-percent  points,  the  rise  time 
is  determined  as  follows 


Tm  =  Td  = 


(l//oa)  -  (I//0.9) 


and  negative  derivative  pulses  by 
the  methods  previously  described 
will  give  the  values  of  Ts  and  T/,. 

Accuracy  of  Measurement 

The  precision  of  the  spacing  meas¬ 
urement  depends  primarily  on  fre¬ 
quency.  Errors  which  are  due  to 
sweep  irregularity  and  resolution 
are  quite  small.  However,  at  the 
present  state  of  the  art,  frequency 
can  be  measured  or  set  to  better  than 
one  part  in  one  million.  In  practice, 
therefore,  the  resolution  of  the  coin¬ 
cidence  setting  determines  the  maxi¬ 
mum  accuracy. 

Figure  6A  shows  the  face  of  a 


where  Ts  is  the  rise  time  from  0.1 
to  0.9Emax,  Td  is  the  decay  time  from 
0.9  to  O.lEjr^x,  /o.i  is  the  frequency 
corresponding  to  the  width  at 
O.lEir^x,  /o»  is  the  frequency  corre¬ 
sponding  to  the  width  at  Q.^Emax, 
and  Em  AX  is  the  peak  value  of  the 
pulse  as  indicated  in  Fig.  1. 

The  accuracy  of  Eq.  2  depends 
upon  the  equality  of  Ts  and  To. 
Figure  5  illustrates  this  method 
used  with’  linear  sweeps. 

In  cases  where  T*  does  not  equal 
To,  an  alternative  method  may  be 
superior.  Refer  again  to  Fig.  3A. 
The  shapes  of  the  pulses  shown  are 
proportional  to  the  rate  of  change  of 
the  measured,  pulse  (if  Xc  is  very 
much  greater  than  R).  Thus  the 
width  of  the  pulse  at  the  base  is 
proportional  to  rise  or  decay  time. 
Measuring  the  width  of  the  positive 


FIG.  4 — Using  either  an  elliptical  (A)  or  a 
horixontal  sinusoidal  (B)  sweep,  one  can 
determine  pulse  length  by  adlusting  the 
sweep  period  relotiTe  to  the  pulse  dura¬ 
tion.  giring  the  simple  patterns  shown  at 
the  right.  CrossoTer  is  at  the  50  percent 
point 


cathode-ray  tube  with  an  eliptical 
pattern.  An  elliptical  trace  is  used 
with  conventional  cathode-ray  tubes 
because  it  insures  best  utilization 
of  the  screen  area.  Width  of  the 
trace  limits  the  precision  with  which 
coincidence  can  be  set.  With  a  good 
cathode-ray  tube,  the  thickness  of 
the  trace  can  be  made  less  than 
0.0312  inch.  The  length  of  one  cycle 
of  the  elliptical  trace  depends  upon 


FIG.  5 — When  growth  and  decay  times 
are  approx' mat ely  equal,  they  can  be 
determined  from  measurements  of  pulse 
duration  at  the  10-  and  90-percent  ampli¬ 
tude  points  as  shown  here 

tube  diameter.  A  5-inch  cathode-ray 
tube  will  accommodate  a  trace  length 
of  approximately  12  inches. 

Figure  6B  shows  two  sine-wave 
cycles.  The  sections  A  and  A'  rep¬ 
resent  the  maximum-velocity  por¬ 
tions  at  the  top  side  of  the  elliptical 
trace.  It  is  on  this  part  of  the  ellip¬ 
tical  trace  that  the  pulses  should  be 
set.  The  sections  A  and  A'  include 
about  plus  and  minus  45  degrees. 
On  the  elliptical  sweep  90  degrees  at 
the  maximum-velocity  portion  cor¬ 
responds  to  approximately  two- 
thirds  of  the  horizontal  deflection. 
If  the  coincident  pulses  are  located 
on  this  maximum-velocity  section, 
the  resolution  error  can  be  computed 
from 

s  =  {R/t:D)T  seconds  (3) 
where  s  is  the  resolution  error,  R.  is 
the  resolution  in  inches,  D  is  the 
width  of  the  sweep  pattern  in  the 
horizontal  direction,  and  T  is  the 
period  of  one  sweep  cycle. 

Equation  3  can  be  used  with  equal 
accuracy  whether  the  sweep  is  ellip¬ 
tical,  circular,  or  flat  simple  har¬ 
monic  in  character.  The  only  re¬ 
quirement  is  that  the  displayed 


pulses  be  set  to  the  maximum-velo¬ 
city  portion  of  the  sweep. 

Substituting  the  following  typical 
values  into  Eq.  3 

R  =  0.312  inch 
D  =  4  inches 
T  =  1  microsecond 
one  obtains  e  =  0.0024  microsecond 
error,  or  an  error  of  0.24  percent. 

In  many  applications  the  spacing 
between  trains  of  pulses  is  required. 
In  this  case  the  error  would  be 
divided  by  N-1  where  N  is  the  num¬ 
ber  of  pulses  in  the  train.  It  can 
be  seen  that  the  error  in  measuring 
the  spacing  of  a  train  of  eleven  pul¬ 
ses  spaced  one  microsecond  apart 
would  be  in  the  order  of  2.4  ten 
thousandths  of  one  microsecond  or 
2.4  X  10  “  second. 

The  accuracy  of  the  measurement 
can  be  improved  if  necessary  by 
using  larger  cathode-ray  tubes  and 
higher  acceleratihg  potentials  to’ 
obtain  larger  and  finer  traces.  The 
limits  to  the  size  and  complexity  of 
the  equipment  are  an  economic  fac¬ 
tor  which  must  be  evaluated  in  each 
application.  The  accuracy  flgures 
shown  above  do  not  require  skillful 
manipulation  of  the  test  equipment 
or  careful  judgment  in  reading  any¬ 
thing  but  frequency. 

The  method  described  in  the  pre¬ 
ceding  sections  has  been  used  by  the 


FIG.  6 — ^For  minimum  urror  of  meosur*- 
ment,  th*  pula*  (A)  should  bo  locatod  on 
tho  most  Unoar  portion  of  tho  sinusoidal 

•woop  (B) 


author  with  excellent  success.  Equip¬ 
ments  of  several  types  have  been 
constructed  and  are  now  in  use. 

Practical  Systems 

Fundamentally,  there  are  two 
ways  of  using  the  outlined  method. 
The  first  is  to  measure  any  of  the 
quantities  indicated,  requiring  vari¬ 
able  frequency.  The  second  is  to 
set  other  equipments  by  means  of 
the  method,  usually  requiring  fixed 
frequencies.  However  in  either 
case  the  fundamental  principles  are 
identical. 

Figure  7  shows  a  simplified  block 
diagram  of  a  t3rpical  system  and  a 
typical  circuit  for  each  of  the  less 
standard  units.  The  requirements 
and  characteristics  of  each  unit  fol¬ 
low. 

STANDARD-FREQUENCY  GEN¬ 
ERATOR  may  supply  either  fixed 
or  variable  frequencies  in  whatever 
ranges  are  required.  This  unit 
should  be  capable  of  high  precision. 

FREQUENCY  DIVIDERS  are  a 
necessary  component  in  any  system 
in  which  the  elliptical  sweep  must 
be  synchronized  with  the  display. 
The  sweep  frequency  is  usually 
much  higher  than  the  pulse  recur¬ 
rence  frequency,  and  therefore  fre¬ 
quency  dividers  are  utilized. 

TRIGGER  GENERATOR  is  used 
to  sharpen  the  output  of  the  fre¬ 
quency  dividers  and  to  privide  a 
sharp,  precise  initiating  pulse. 

MANUAL  PHASE  SHIFTER  is 
useful  in  rotating  the  display  with 
respect  to  any  fixed  point.  This  en¬ 
ables  locating  the  pulses  on  the 
maximum-velocity  portion  of  the 
trace.  In  an  oscilloscope  which  util¬ 
izes  radial  deflection,  this  circuit 
might  be  deleted. 

SWEEP  AMPLIFIERS  are  re¬ 
quired  because  most  standard-fre¬ 
quency  generators  do  not  develop 
sufficient  voltage  to  deflect  the  beam 
of  a  cathode-ray  tube  directly. 

PHASE  SPLITTERS  are  used  in 
obtaining  an  elliptical  sweep.  It  is 
necessary  to  phase-shift  the  hori¬ 
zontal  deflecting  potential  90  degrees 
with  respect  to  the  vertical  deflect¬ 
ing  potential.  The  horizontal  de¬ 
flecting  potential  is  usually  fed  push- 
pull  while  the  vertical  phase  is  con- 
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fig.  7 — The  block  (Uagrom  indicates  the  functioning  of  the  equipment  used  in  measuring  pulses.  The  indiTiduol  circuits  ore  illustrotiTe 
oi  the  types  of  units  comprising  the  system.  Blocks  for  which  no  circuits  are  shown  ore  conTentionaL  See  the  bibliography  for  addi¬ 
tional  drcuits  suitable  for  each  unit  In  the  system 
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nected  single-ended  to  one  vertical 
deflecting  plate. 

CATHODE-RAY  TUBE  is  the 
heart  of  the  equipment.  The  size  of 
the  tube  depends  on  the  accuracy 
required  as  well  as  upon  economic 
factors. 

VIDEO  AMPLIFIER  may  or  may 
not  be  required,  depending  upon  the 
application.  It  usually  is  connected 
single-ended,  into  one  vertical  plate 
of  the  cathode-ray  tube. 

VARIABLE  WIDTH  INTENSI- 
FIER  is  an  essential  part  of  the 
system.  The  display  to  be  observed 
may  occur  in  only  a  few  sweep  cycles 
of  each  trigger  recurrence  cycle.  If 
all  the  sweeps  were  permitted  to  ap¬ 
pear,  very  low  contrast  would  result. 
The  intensiher,  analogous  to  the 
blanker  used  in  television  practice, 
is  introduced  into  the  grid  or  cath¬ 
ode  circuit  of  the  cathode-ray  tube. 
It  is  made  variable  in  duration  so 
that  any  number  of  sweep  cycles  can 


be  viewed  at  will.  The  possible 
ambiguity,  which  can  occur  if  the 
sweep  length  is  half  of  the  pulse 
spacing,  is  removed  by  use  of  the 
intensiher.  Only  when  the  correct 
sweep  length  is  used  can  the  pulse 
appear  as  in  Fig.  2C,  that  is,  with 
an  open  base  line  under  the  pulse. 

MANUAL  DELAY  MULTIVI¬ 
BRATOR  is  used  in  many  applica¬ 
tions  where  the  phenomenon  to  be 
viewed  is  delayed  with  respect  to  the 
trigger  pulse.  If  this  is  the  case, 
it  may  be  desirable  to  delay  the  inten- 
siher  pulse  a  corresponding  amount 
so  that  no  more  sweep  cycles  are 
illuminated  than  are  necessary. 

PULSE  COUNTER  is  incorpor¬ 
ated  if  it  is  desirable  to  know  the 
pulse  recurrence  frequency. 

Vorlations  of  Method 

It  is  not  necessary  to  confine  one¬ 
self  to  deflection  methods  to  measure 
pulse  characteristics.  It  is  possible 
to  obtain  coincidence  using  intensity 
modulation  as  well.  In  this  case  a 


circular  sweep  is  used,  but  the  video 
pulses  are  connected  to  the  grid  cir¬ 
cuit  of  the  cathode  ray-tube,  while 
the  intensifier  pulses  are  impressed 
on  the  cathode.  A  bright  spot  will 
appear  on  the  dimmed  trace  corre¬ 
sponding  to  each  pulse  instead  of  a 
deflection  of  the  trace.  When  the 
bright  spots  merge,  coincidence  is 
obtained. 

There  is  a  limitation  to  the  fore¬ 
going  method.  In  those  instances 
where  the  triggering  pulse,  which 
initiates  the  phenomenon  to  be  meas¬ 
ured,  is  derived  from  the  sweep  fre¬ 
quency,  the  pulse  rate  will  change 
as  the  sweep  length  is  altered  to  ob¬ 
tain  coincidence.  The  pulse  rate 
must  be  an  integral  submultiple  of 
the  sweep  frequency,  therefore  at 
high  pulse  rates  it  may  not  be  pos¬ 
sible  to  obtain  a  desired  value  of 
pulse  repetition  frequency.  For  ex¬ 
ample,  if  the  sweep  frequency  is 
100  kc,  it  is  not  possible  to  obtain  a 
pulse  rate  of  10.5  kc.  The  closest 
that  one  could  approach  the  desired 
rate  is  10.0  kc  or  11.1  kc. 
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NERVE  STIMULATOR 


Tliyratron-type  relaxation  oscillator  with  plate-supply  keying  eliminates  high  initial  pulse, 
provides  0.3  to  30,000-cps  pulses  for  biological  research  and  medical  therapy 


IN  MANY  fields  of  biological  re¬ 
search,  clinical  medicine,  and 
surgery,  a  voltage  of  variable  ampli¬ 
tude  and  frequency  is  used  to  stimu¬ 
late  nerve  tissue  or  effector  organs. 
The  source  of  this  voltage  varies  from 
the  crudest  induction  coil  and  step- 
down  transformer  on  up  to  highly 
complex  electronic  circuits.^’  *  * 

The  thyratron-type  relaxation  os¬ 
cillator  using  a  high  negative  grid 
bias  to  key  oscillations  is  quite  popu¬ 
lar,  but  since  the  capacitor  charges 
up  to  the  full  plate  supply  voltage 
when  the  grid  is  held  negative,  the 
initial  pulse  is  extremely  high  in  re¬ 
spect  to  those  that  follow. 

Keying  the  plate  supply  voltage 
eliminates  this  fault  in  the  stimula¬ 
tor  circuit  shown  in  Fig.  1.  Here  a 
type  885  argon-filled  thyratron  is 
used  as  a  relaxation  oscillator.  Ca¬ 
pacitor  C5  charges  through  resistors 
R»  and  i2«  until  the  voltage  across  it  is 
equal  to  the  firing  potential  of  the 
thyratron.  At  this  point  the  tube 
I  breaks  down  and  the  capacitor  dis- 
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charges  through  it  and  through  the 
primary  winding  of  T,.  The  second¬ 
ary  voltage  of  T,  is  not  the  usual 
sawtooth  wave  shape  associated  with 
thyratron  relaxation  oscillators,  but 
rather  is  a  pulsed  wave  made  up  of 
damped  oscillations  which  are  of  such 
high  frequency  and  decay  so  rapidly 
that  only  a  single  pulse  appears  on  a 
cathode-ray  screen,  even  when  the 
time  axis  is  expanded. 

The  pulse  repetition  rate  is  con¬ 
trolled  roughly  by  switching  of  ca¬ 
pacitors  for  Cb,  with  Rt  providing 
vernier  control  as  in  the  standard 
sawtooth  circuit.  The  range  covered 
is  from  one  pulse  every  3  seconds  to 
30,000  pulses  per  second.  The  magni¬ 
tude  of  the  output  voltage  is  control¬ 
led  by  jBb  (coarse)  and  /?«  (fine). 

Grid  bias  control  Ri  changes  the 
grid  bias  and  hence  the  firing  poten¬ 


tial  of  the  thyratron,  which  in  turn 
changes  both  the  magnitude  and  the 
frequency  of  the  output  pulse.  Thus, 
making  the  grid  more  negative  in¬ 
creases  the  firing  potential  of  the 
tube,  increasing  the  magnitude  of 
the  output  pulse  and  decreasing  the 
frequency  of  oscillation. 

Conventional  damped  oscillations 
may  be  obtained  by  shunting  the  sec¬ 
ondary  of  T,  with  a  l-/xf  capaci¬ 
tor.  A  sawtooth  voltage  that  can 
serve  as  a  linear  time  base  for  an 
oscilloscope  is  available  across  G.. 
The  optional  metering  circuit  used 
with  this  stimulator  consists  of  a 
two-stage  amplifier  feeding  into  a 
copper-oxide  rectifier  meter  as  in 
Fig.  2.  It  permits  duplicating  output 
voltages  from  one  day  to  the  next. 

References 

(1)  Erickson  and  Gilson,  ElectRtcal  Stimu¬ 
lation  in  Study  of  Cortical  Function,  Med. 
Physics,  Year  Book  Publ.,  1944,  Chicago,  p 
369. 

(2)  Goldberg,  H..  Synchronized  Voltages 
for  Biological  Research,  Electronics,  p  30, 
Aug.  1941. 

(3)  Traugott,  P.,  Medical  Shock  Machine, 
Electronics,  p  166,  Not.  1943. 


electronics  —  fefcruory  1946 


155 


Design  of 

COMPACT  TWO-HORN 


For  room  -  corner  locations,  where  walls 
can  be  utilized  to  produce  reflections  that 
multiply  the  mouth  area  of  the  woofer  suf¬ 
ficiently  for  efficient  propagation  of  sound 
waves  down  to  40  cps.  Companion  tweeter 
gives  wide-angle  radiation 


Heretofore  high  -  quality 

horn  loudspeakers  have  been 
applied  only  to  such  uses  where 
their  disadvantage  due  to  bulk  can 
be  tolerated  and  where  their  ad¬ 
vantages  of  large  acoustic  output 
capacity  and  high  efficiency  out¬ 
weigh  that  disadvantage. 

For  low  and  moderate  power, 
horns  should  not  continue  to  be 
overlooked.  Their  high  efficiency 
results  in  freedom  from  distortion, 
and  recently  their  size  disadvantage 
has  been  removed. 

This  paper  describes  a  newly  de¬ 
veloped  •speaker,  the  quality  and 
dimensions  of  which  make  it  suit¬ 
able  for  monitoring  purposes  where 
space  may  be  limited,  for  use  in 
homes,  and  for  small  theaters.'*  *•  * 


Speaker  unit  in 
Sherman  Fairchild's 
Town  House,  de¬ 
scribed  in  April 
1943  Architectural 
Forum.  No  grilles 
are  used,  but  the 
tall  openwork 
screen  lust  Tisible 
at  the  right  is  gen¬ 
erally  set  across 
the  comer  of  the 
room  to  hide  the 
entire  speaker.  The 
radio  receiTor  is 
elsewhere  in  the 
room 


The  frequency  response  covers  at 
least  the  range  from  40  to  12,000 
cycles,  the  efficiency  is  about  50  per¬ 
cent,  and  the  efficacy,  taking  into 
account  the  ability  of  a  variable-im¬ 
pedance  device  to  absorb  power 
from  a  low-impedance  generator,  is 
about  30  percent.  The  power-han¬ 
dling  capacity  is  at  least  3  acoustic 
watts  output.  The  occupied  volu¬ 
metric  space  is  only  20  cubic  feet. 
Size  reduction  from  the  more  famil¬ 
iar  theater  horns  is  accomplished  by 
corner  operation  whereby  wall  re¬ 
flections  multiply  the  inadequate 
actual  mouth  area  up  to  adequate 
effective  area  for  propagating  the 
long  40-cycle  waves. 

The  low-frequency  speaker  is  de¬ 
signed  to  take  ultimate  advantage 


of  the  effect  of  a  corner  on  acous¬ 
tic  impedance.  It  is  capable  of  ef¬ 
ficient  radiation  of  sound  wave¬ 
lengths  6  to  10  times  the  longest 
dimension  of  the  speaker  housing. 
The  high-frequency  horn  is  spe¬ 
cially  developed  as  a  companion  to 
the  low-frequency  unit  and  has  sev¬ 
eral  novel  features. 

The  LoW'Frequeacy  Speaker 

Low-frequency  speakers  of  the 
horn  t3T)e  have  involved  large  struc¬ 
tures  per  unit  of  maximum  wave¬ 
length  transmitted  because  of  the 
required  large  mouth  area  and  long 
taper.  While  some  workers  prefer  a 
mouth  area  equivalent  to  a  circle 
of  diameter  equal  to  one-third 
wavelength,  it  has  been  possible  by 
careful  design  to  handle  large 
amounts  of  power  with  negligible 
distortion  with  equivalent  mouth 
diameters  as  small  as  0.16  wave¬ 
length.  The  cubical  volume  of  such 
woofers  range  from  about  80  to 
over  200  cubic  feet. 

By  refolding  the  woofer  air  col¬ 
umn  to  take  full  advantage  of  a 
room  corner,  the  cubical  volume  of 
the  low-frequency  speaker  was  re¬ 
duced  to  16  cubic  feet.  The  actual 
mouth  size  of  only  about  4  square 
feet  is  increased  by  wall  reflections 
to  offer  16  square  feet  of  equivalent 
baffied  radiating  area,  equivalent  to 
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LOUDSPEAKER 


By  PAUL  W.  KLIPSCH 

Hope,  Arkanitatt 


a  4.5-foot  diameter  circle  or  0.16 
wavelength  at  40  cycles.  From 
voice  coil  impedance  measurements 
and  other  tests,  the  response  is  as 


flat  and  harmonic  content  as  low  as 
for  speakers  8  to  16  times  as  bulky. 

Constructional  details  of  the  low- 
frequency  unit  are  shown  in  Fig.  1. 


The  vertical  height  is  38  i  inches, 
and  the  front  panel  width  is  24 
inches.  Dimensional  errors  up  to 
5  percent  involve  imperceptible 
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SECTION 
M  OF(C) 


WOOFER- TWEETER 


SECTION  C-C 
OF(C) 


nc.  1 — Sk«tchet  and  sectional  tIows  oi  low-frequency  horn  and  high-frequency  horn.  The  lower  unit  (woofer)  utilizes  wall  and 
floor  reflections  to  improTe  the  impedance  match  at  the  mouth,  while  the  upper  unit  (tweeter)  employs  cellular  construction  to  give 
comparable  angular  distribution  of  sound  for  high-quality  corerage  of  the  entire  room.  The  system  offers  a  means  for  minimizing 
cross-modulation  and  frequency-modulation  distortion  while  handling  high  acoustic  power 
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changes  in  performance,  so  other 
dimensions  may  be  obtained  by 
scaling  the  diagrams.  There  is  one 
important  caution,  however ;  all 
joints  must  be  air  tight.  Even  a 
slight  leak  in  the  air  chamber  will 
result  in  very  poor  performance 
over  the  entire  frequency  range  for 
which  the  speaker  is  designed. 

The  original  design  contemplated 
the  use  of  i-inch  plywood.  Such 
thickness  not  being  available,  l-inch 
plywood  was  used  for  the  first 
model,  making  it  unnecessarily 
heavy.  It  is  believed  that  the  brac¬ 
ing  as  shown  would  permit  the  use 
of  i-inch  material,  or  even  i-inch 
thickness  for  certain  parts  pro¬ 
vided  all  joints  are  well  glued  ex¬ 
cept  for  the  side  door.  Such  open¬ 
ings  as  must  be  provided  for  access 
to  the  driving  unit  must  be  air 
tight.  Sponge  rubber  packing  is 
suitable. 

Air  tightness  and  structural  ri¬ 
gidity  are  important  considera¬ 
tions.  A  horn  is  not  a  sounding 
board  but  a  boundary  for  an  air 
column.  Therefore,  the  structure 
itself  should  not  vibrate  but  serve 
as  a  rigid  conduit.  Small  leaks  or 
undue  cabinet  vibration  will  nullify 
the  advantages  attainable  with  this 
or  any  other  horn  design. 

In  a  large-throat  horn,  acoustic 
output  below  the  acoustic  cutoff  of 
the  horn  occurs,  as  indicated  in 
Fig.  2.  Thus  the  present  speaker 
was  designed  with  a  cutoff,  due  to 
taper,  of  47  cycles,  but  clean  fun¬ 
damentals  can  be  radiated  down  to 
40  cycles.  Dotted  portions  repre¬ 
sent  the  curves  as  ordinarily  drawn, 
erroneously  indicating  cutoff.* 

The  driving  motor  for  the  low- 


frequency  horn  has  a  12-inch  paper 
diaphragm.  A  larger  motor  can  also 
be  used.  The  choice  of  a  motor 
should  be  based  on  a  high  product 
of  fiux  density  times  effective  voice 
coil  mass.  The  Jensen  A-12-PM  and 
the  Lansing  415  have  been  used  in 
two  experimental  models. 

Owing  to  the  variations  in  voice 
coil  impedance  with  frequency, 
preference  should  be  given  to  low- 
impedance  triode  tubes  in  the  power 
stage.  This  could  well  be  a  general 
statement;  a  direct  radiator  loud¬ 
speaker  will  ordinarily  display  sev¬ 
eral  times  as  much  variation  in 
voice  coil  impedance  as  does  the 
described  horn,  so  low-impedance 
triodes  are  even  more  important  if 
distortion  is  to  be  minimized.  Even 
when  feedback  is  employed,  the  ad¬ 
vantage  lies  with  the  triode. 

The  High-Freqa*iicy  Unit 

Available  commercial  high-fre¬ 
quency  units  and  known  designs  did 
not  prove  entirely  satisfactory  as  a 
companion  unit  to  the  corner 
woofer.  Either  the  radiation  angle 
failed  to  match  that  of  the  woofer, 
or  the  frequency  response  was 
faulty.  Several  models  were  con¬ 
structed  along  conventional  lines, 
each  of  which  exhibited  one  or 
more  defects  as  far  as  this  specific 
application  is  concerned.  After  con¬ 
siderable  study  and  design,  a  new 
approach  to  the  problem  resulted  in 
the  development  of  a  high-fre¬ 
quency  horn  which  is  believed  to  be 
novel. 

The  exterior  appearance  of  this 
new  speaker  is  shown  in  Fig.  lA, 
along  with  sectional  views  in  Fig. 
IF  and  IG.  The  design  was  care¬ 


fully  checked  to  insure  that  the 
wave  fronts  are  circular  arcs,  so 
that  the  frequency  response  would 
be  fiat  and  the  radiation  angle 
would  be  60  by  90  degrees  over  the 
frequency  range  transmitted. 

The  air  column  length  of  the 
high-frequency  unit  is  21  inches, 
the  mouth  area  is  240  square  inches 
with  a  9-inch  height,  and  the  throat 
area  is  0.38  square  inch.  The  throat 
has  a  0.700-inch  diameter,  to  fit  the 
WE  713A,  the  WE  655W,  and  other 
driving  motors.  Wedge  inserts  let 
the  throat  expand  from  a  0.700-inch 
circle  to  a  0.700-inch  square  in  the 
first  i  inch  of  length.  From  there 
expansion  to  0.700-inch  width  by 
1.00-inch  height  takes  place  in  the 
next  li  inch.  Thence  the  1-inch 
height  remains  constant  out  to  the 
outer  tips  of  the  inner  deflectors, 
while  the  width  increases  until  the 
horizontal  angle  has  reached  90  de¬ 
grees.  Then  expansion  in  both 
horizontal  and  vertical  direction 
takes  place  until  the  vertical  angle 
is  60  degrees. 

The  expansion  rate  is  exponen¬ 
tial,  chosen  as  being  the  most  eco¬ 
nomical  of  space  for  the  desired 
performance.  The  area  of  the  air 
column  doubles  every  21  inches 
along  the  horn  length  or  along  the 
path  traversed  by  the  wave  front. 
This  rate  of  expansion  sets  the  cut¬ 
off  limit  at  330  cycles.  The  overall 
length  is  such  that  with  most  avail¬ 
able  motors  the  assembly  will  fit  on 
top  of  the  woofer  unit. 

For  the  hand-constructed  pilot 
model,  the  top  and  bottom  members 
were  built  from  glued  plywood.  The 
curved  mouth  surfaces  were  i-inch 
plywood  material  known  as  Tek- 


FIG.  2 — Computed  cunros  for  compononte  of 
throat  Impodaneo  of  a  low-froquonqr  horn 
haring  a  cutoff  froquoncy  of  100  cpi 


FIG.  3 — Outputs  of  crossoror  notwork  used  to  driro  tho  two  horns,  os  msasured 
through  the  amplifier  and  input  transformer  with  speokers  octlng  os  connected 
loads.  These  curres  do  not  show  the  performance  of  the  loudspeakers 
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wood.  For  a  manufactured  prod¬ 
uct,  post-forming  plastics  or  plys 
molded  to  the  contour  would  be 
oconomically  and  structurally  bet¬ 
ter,  and  would  enable  one-piece  con¬ 
struction  of  the  top  and  bottom 
members. 

Dimensional  accuracy  is  some¬ 
what  critical  if  the  extreme  high 
frequencies  are  to  be  radiated  into 
the  desired  solid  angle.  The  model 
was  held  to  about  0.02-inch  toler¬ 
ance  in  the  first  10  inches  of  expan¬ 
sion,  and  to  A-inch  tolerance  be¬ 
yond  this.  Such  close  tolerance  may 
be  unnecessary,  but  several  previ¬ 
ous  attempts  at  constructing  high- 
frequency  units  were  such  dismal 
failures  that  every  attempt  was 
made  to  design  and  construct  this 
one  with  adequate  precision. 

This  high-frequency  horn  has  a 
mouth  area  much  larger  than  neces¬ 
sary  to  avoid  mouth  reflection  in 
order  to  give  the  desired  angular 
radiation  properties.  It  adds  only 
10  inches  to  the  height  of  the 
woofer  unit,  bringing  the  total  oc¬ 
cupied  space  for  the  two  speakers 
up  to  20  cubic  feet  and  the  overall 
height  to  only  48i  inches. 

The  cutoff  of  330  cycles  seems  to 
be  low  enough  to  use  with  a  cross¬ 
over  frequency  of  400  or  450  cycles, 
especially  in  view  of  the  type  of 
crossover  network  used.*  Perform¬ 
ance  curves  for  this  network  are 
given  in  Fig.  3.  The  small  throat 
precludes  benefit  from  radiation  re¬ 
sistance  below  cutoff  so  about  30 
db  per  octave  is  built  into  the  high- 
pass  part  of  the  crossover  network. 
Such  a  high  slope  might  be  expected 
to  give  some  transient  effects,  but 
the  constant-K  sections  slope  grad¬ 
ually  at  first  and  such  transients  as 
do  exist  appear  to  have  no  deleteri¬ 
ous  effect  on  actual  performance. 
With  a  WE  666 W  driving  motor, 
response  is  good  to  about  7000 
cycles.  A  WE  713A  extends  the  re¬ 
sponse  to  at  least  12^000  cycles. 

The  Speoker  Sytt*ni 

This  loudspeaker  system*  has 
been  in  use  for  over  four  years, 
with  two  different  woofer  baffles 
and  three  different  high-frequency 
horns.  Both  an  apartment  and  the 
living  room  of  a  larger  house, 
neither  specially  treated  acoustic¬ 
ally,  have  been  used  as  the  environ¬ 
ment  for  the  experimental  speakers. 


r 


Speaker  unit  constructed  by  George  E. 
Beggs.  Jr.  of  Warrington.  Pa.  for  use 
in  the  living  room  of  his  home.  Tweeter 
openings  are  behind  the  grille  cloth  at 
the  top.  Woofer  openings  along  the 
two  walls  could  be  similarly  covered 
if  desired 


In  a  large  hangar  (about  500,000 
cubic  feet)  with  very  live  walls,  the 
bass  was  somewhat  overbearing.  A 
pad  could  have  been  advantageously 
placed  in  the  low-frequency  line. 
It  is  believed  that  in  a  medium- 
size  hall  with  proper  reverberation 
time,  the  system  can  be  used  with¬ 
out  equalization. 

The  ability  to  convert  amplifier 
power  into  acoustic  power,  includ¬ 
ing  the  ability  of  the  variable-im¬ 
pedance  speaker  load  to  absorb 
power  from  the  constant-impedance 
amplifier  source,  represents  a  usable 
average  efficiency  of  30  percent. 
The  intrinsic  efficiency  of  the 
speaker  itself  is  about  50  percent. 

Suggested  Applications 

The  system  was  originally  de¬ 
vised  for  home  radio-phonograph 
applications.  The  large  load  capac¬ 
ity  and  freedom  from  distortion, 
coupled  with  high-fidelity  perform¬ 
ance  extending  the  range  toward 
both  the  lower  and  upper  limits  of 
audibility,  makes  the  speaker  ideally 
suited  for  several  other  applica¬ 
tions.  These  include  critical  studio 
monitoring,  electric  organs,  and 
little  theater  sound  systems. 


It  is  believed  that  the  perform¬ 
ance  of  this  speaker  will  nearly 
match  the  best  the  theater  has  to 
offer,  so  sound  tracks  passing  moni¬ 
toring  tests  on  this  speaker  should 
sound  well  in  any  theater  installa¬ 
tion.  Monitoring  of  radio  channels 
and  phonograph  record  quality  with 
this  system  insures  that  the  pro¬ 
ducer  is  hearing  everything  being 
reproduced  by  the  best  speakers  in 
the  hands  of  the  public.  The  wide 
range,  both  in  the  bass  and  high 
registers,  will  reveal  rumble,  flut¬ 
ter,  hum,  hiss,  surface  noise,  and 
circuit  noise  so  that  remedial  steps 
can  be  undertaken. 

A  duplicate  of  the  monitor  unit 
placed  outside  a  broadcast  studio 
would  make  high-quality  reproduc¬ 
tion  of  a  program  available  to  a 
larger  visitor  audience  than  if  a 
single  monitor  unit  were  employed 
inside  the  studio. 

For  the  little  theater  where  stage 
space  is  apt  to  be  at  a  premium, 
the  small  size,  wide  range  and  low 
distortion  of  this  speaker  offer 
great  advantages.  About  the  only 
difference  in  performance  between 
this  speaker  and  a  large  theater 
unit  is  the  load  capacity,  and  it  is 
believed  this  will  be  adequate  for 
halls  up  to  100,000  cubic  feet  or 
more. 

When  this  speaker  is  referred  to 
as  small,  it  should  be  remembered 
that  the  physical  size  is  augmented 
by  the  mirror-images  produced  by 
the  walls  forming  the  room  corner, 
so  that  the  mouth  size  is  adequate 
for  the  intended  performance.  The 
only  way  to  be  convinced  of  the 
performance  is  to  hear  one  of  these 
units. 
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EFFECTIVENESS 

as  R-f  Shielding 

By  SCOTT  L.  SHIYE 

Radio  Engineer,  Signal  Corps  Engineering  Laboratories 
Coles  Signal  Laboratory,  Red  Bank,  Neic  Jersey 


WIDESPREAD  USE  is  made  of  con¬ 
duits,  either  flexible  or  rigid, 
for  shielding  conductors  from  stray 
external  r-f  fields  or  for  confining 
r-f  fields  radiated  from  conductors 
which  themselves  are  carrying  r-f 
currents.  Electrical  wiring,  par¬ 
ticularly  the  high-tension  ignition 
wiring  of  aircraft  and  vehicular 
gasoline-driven  engines,  may  be 
cited  as  one  common  and  timely  ex¬ 
ample  of  conductors  requiring  such 
shielding.  The  radio  interference 
set  up  by  and  radiated  from  these 
circuits  would  make  radio  communi¬ 
cation  within  the  immediate  area 
difi[lcult,  if  not  impossible,  were  it 
not  for  the  practice  of  inclosing 
these  wires  in  a  conduit  shield. 

Since  different  applications  re¬ 
quire  varying  degrees  of  conduit 
shielding  effectiveness,  depending 
upon  the  frequency  and  intensity  of 
the  field  to  be  shielded,  it  becomes 
desirable  from  the  standpoint  of 
economy  to  study  the  factors  in  com¬ 
position  and  construction  of  con¬ 
duit  that  make  for  good  or  poor 
shielding,  and  be  able  to  compare 
the  relative  merits  of  any  specific 
types.  Hence  the  need  arises  for  a 
practical  laboratory  method  of 
evaluating  the  r-f  shielding  effec¬ 
tiveness  of  any  given  sample.  The 
purpose  of  this  paper  is  to  describe 
such  a  method  and  to  present  and 
discuss  a  number  of  t3rpical  meas¬ 
urements  obtained  therewith. 

Prlaclple  of  Oporofioo 
• 

Figure  1  shows  a  block  diagram 
of  the  conduit  tester  and  associated 
equipment.  Basically,  shielding  ef¬ 
fectiveness  is  determined  in  this 
method  by  measuring  the  attenua¬ 
tion  suffered  by  an  electromagnetic 
field,  varying  sinusoidally  at  a  ra¬ 
dio  frequency,  in  passing  from  its 


FIG.  1 — ^Block  diagram  of  conduit  tester.  Accuracy  depends  on  calibration  of  r-i 
attenuator  in  output  circuit  of  signal  generator 


origin  inside  the  conduit  specimen 
through  the  walls  to  the  outside.  A 
localized  r-f  field  of  sufficient 
strength  to  be  readily  detectable 
after  penetrating  the  walls  is  pro¬ 
duced  by  a  small  solenoid  or  radiat¬ 
ing  coil,  placed  within  the  test  sam¬ 
ple  and  excited  by  r-f  voltage  from 
a  standard  signal  generator.  A 
pickup  probe  coil  is  oriented  outside 
the  conduit  specimen  in  such  a  po¬ 
sition  as  to  link  the  field  of  the  ra¬ 
diating  coil. 

The  r-f  voltage  induced  in  the 
turns  of  the  pickup  coil  is  amplified 
in  a  radio  receiver  coupled  to  an  out¬ 
put  indicator.  The  ratio  of  signal 
generator  voltage  to  produce  a 
given  receiver  output  when  conduit 
is  interposed  between  the  radiating 
coil  and  the  pickup  coil,  to  that  re¬ 
quired  to  produce  the  same  receiver 
output  with  the  conduit  absent,  is 
equal  to  the  ratio  by  which  the  field 
strength  is  reduced  in  passing 
through  the  conduit  wall.  This  ratio 
may  be  converted  into  decibels  of 
field  strength  attenuation  (decibels 
=  20  logio  of  ratio)  and  as  such  is 
considered  a  figure  of  merit  for 
shielding  effectiveness  of  the  con¬ 
duit. 

The  test  cabinet  itself  is  a  sheet 
metal  box  provided  with  a  hinged 


lid  which  when  closed  makes  metal- 
to-metal  contact  in  a  continuous  line 
around  the  top  of  the  cabinet,  as 
shown  in  Fig.  2.  The  primary  pur¬ 
pose  of  such  complete  shielding  is  to 
exclude  stray  fields  which  might  af¬ 
fect  measurement  results,  and  thus 
permit  operation  of  the  conduit 
tester  in  areas  of  relatively  strong 
radio  interference  fields. 

Radiotiiig  Coil 

The  radiating  coil  consists  of  a 
small  solenoid,  normally  housed 
within  a  protective  polystyrene 
sheath,  and  surrounded  by  a  Fara¬ 
day  shield  as  in  Fig.  3.  Radio-fre¬ 
quency  current  is  conducted  to  the 
radiating  coil  through  a  pair  of  in¬ 
sulated  conductors  inclosed  in  a 
small  brass  tube.  The  tube  serves  to 
shield  the  conductors  from  varying 
ground  capacitance  effects  which 
might  otherwise  be  introduced  by 
installing  and  removing  the  conduit 
test  specimen.  It  also  insures  that 
no  radiation  shall  occur  from  any 
source  other  than  the  radiating  coil, 
and  finally,  it  may  serve  as  a  me¬ 
chanical  support  for  the  specimen 
under  test. 

The  Faraday  shield  surrounding 
the  radiating  coil  is  essential  for 
stable,  repeatable  measurements 
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Tester  measures  attenuation  incurred  by  r-f  electromagnetic  field  in  passing  from  radiat¬ 
ing  loop  inside  conduit  through  walls  to  pickup  loops  on  outside.  Accuracy  is  independent 
of  signal  generator  and  receiver,  depending  only  on  calibration  of  r-f  attenuator  used 


particularly  in  the  frequency  range 
above  100  me.  It  provides  for  a  rel¬ 
atively  constant  capacitance  be¬ 
tween  radiating  coil  and  ground  and 
between  turns  of  the  radiating  coil, 
regardless  of  the  presence  or  ab¬ 
sence  of  any  test  specimen.  At  or 
near  the  resonant  frequency  of  the 
radiating  coil,  measurement  accu¬ 
racy  is  quite  critical  to  slight 
changes  in  these  capacitances.  The 
shield  consists  of  a  number  of  nar¬ 
row'  insulated  strips  of  aluminum 
foil  lying  parallel  to  each  other 
along  the  inside  wall  of  the  poly¬ 
styrene  housing  for  the  radiating 
coil.  Each  strip  is  grounded  at  its 
inner  end  to  the  brass  tube. 

A  standard  signal  generator  sup¬ 
plying  calibrated  r-f  voltage  is  con¬ 
nected  through  a  coaxial  line  to  the 
junction  box  on  the  left  end  of  the 
test  cabinet,  where  connections  are 


made  to  the  radiating  coil  con¬ 
ductors. 

Pickup  Loops 

The  pickup  probe  consists  of  two 
loops  of  copper  tubing  within  each 
of  which  is  an  insulated  conductor. 
The  loops  are  spaced  one  on  each 
side  of  the  radiating  coil  and  are 
soldered  into  a  small  copper  junc¬ 
tion  box  at  the  base.  The  purpose  of 
the  copper  tubing  is  to  provide  elec¬ 
trostatic  shielding  for  the  insulated 
conductors  forming  the  turns  of  the 
probe  winding.  However,  to  allow 
unimpaired  electromagnetic  coup¬ 
ling  to  the  insulated  conductor 
within,  the  shielding  is  split  at  the 
top  of  each  loop  and  the  cut  ends  are 
separated  by  a  short  air  gap.  In 
order  to  provide  equal  pickup  by 
the  two  halves  of  the  pickup  probe 
winding,  particularly  at  frequencies 


above  50  me,  it  was  found  necessary 
to  connect  the  two  halves  in  parallel  . 
rather  than  in  series ;  otherwise  the 
shift  in  phase  of  the  r-f  current  in 
traveling  from  one  half  to  the  other 
would  be  such  that  at  certain  fre¬ 
quencies  the  induced  emf  in  one  half 
would  be  out  of  phase  with  the  cur¬ 
rent,  and  partial  or  even  complete 
cancellation  could  occur.  The  paral¬ 
leling  connections  are  made  within 
the  junction  box,  and  conductors 
connected  to  the  two  paralleling 
junctions  are  led.  away  within  a 
shield  covering.  One  of  the  pair  is 
connected  to  the  receiver  antenna 
post,  and  the  other  is  grounded  to 
the  inner  surface  of  the  shielding. 

The  pickup  coil  is  located  in  a 
fixed  position  centrally  surrounding 
the  radiating  coil  such  that  the 
turns  of  the  probe  link  the  maxi¬ 
mum  number  of  flux  lines  of  the 
field  produced  by  the  radiating  coil. 
Dimensions  of  the  radiating  coil 
and  pickup  probe  may  be  varied 
within  reasonable  limits  as  re¬ 
quired  to  accommodate  various  sizes 
of  shielding  test  samples,  inasmuch 
as  the  measured  values  of  shielding 
effectiveness  are  independent  of  the 
physical  size  of  these  fixtures. 

Testiag  Procedare 

The  sample  of  any  tubular  shield¬ 
ing  material  to  be  tested  is  first 
slipped  over  the  radiating  coil  and 
secured  to  the  connector  in  the  cab¬ 
inet  wall.  The  other  end  of  the  sam¬ 
ple,  extending  out  into  the  cabinet, 
need  not  be  grounded  nor  secured 
in  any  way,  but  the  sample  should 
be  long  enough  to  extend  in  a 
straight  line  beyond  the  radiating 
coil  for  a  distance  of  not  less  than 
four  times  the  diameter  of  the  sam¬ 
ple.  The  signal  generator  oi^ut 
voltage,  at  the  particular  freqiiency 


FIG.  2 — Conduit  tostor  with  covor  roisod,  showing  sample  of  braid  shielding  drown 
OTer  polystyrene  tube,  ready  for  test.  Jimction  box  outside  cabinet  ot  left  connecta 
coaxial  line  from  signal  generator  to  leads  going  to  small  radiating  coil  inside  the 

polystyrene  tube 
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pletely  unmodulated  signals  may  be 
used,  in  which  case  the  receiver 
beat-frequency  oscillator  must  be 
employed  to  obtain  the  audio  output. 
Within  relatively  wide  limits  in¬ 
vestigated,  the  diameter,  number 
of  turns,  and  wire  size  of  both 
pickup  probe  and  radiating  coil  did 
not  affect  the  measured  value  of 
shielding  effectiveness  for  any  given 
conduit  sample. 

Us*  of  LoeallMd  R-f  Field 

In  most  practical  applications  of 
conduit  shielding,  the  conductor  to 
be  shielded  lies  centrally  along  the 
axis  of  the  conduit.  Hence,  it  would 
appear  most  reasonable  to  preserve 
this  same  physical  relation  when 
evaluating  shielding  effectiveness 
of  the  conduit.  One  of  the  prelimin¬ 
ary  experimental  models  of  conduit 
tester  was,  in  fact,  designed  toward 
that  end.  Radio-frequency  current 
from  a  signal  generator  was  fed 
into  a  conductor  lying  along  the 
axis  of  the  conduit  sample,  and  a 
probe  coil  surrounding  the  conduit 
was  used  in  conjunction  with  a  ra¬ 
dio  receiver  to  detect  the  r-f  field 
existing  outside  the  conduit.  How¬ 
ever,  two  major  disadvantages  to 
this  method  were  immediately  ap¬ 
parent.  First,  the  maximum  signal 
strength  delivered  by  any  available 
signal  generator  was  too  weak  to  be 
detected  readily  after  penetrating 
some  of  the  more  effective  grades  of 
conduit;  second,  the  results  were 
extremely  critical  to  slight  varia¬ 
tions  in  contact  at  the  end  connec¬ 
tions. 

In  order  to  obviate  both  these 
disadvantages  in  one  step,  the 
straight  conductor  was  replaced  by 
the  small  solenoid  coil  capable  of 
generating  a  strong  localized  r-f 
field  easily  detectable  through  the 
best  grades  of  conduit.  Also,  by 
localizing  the  field  in  this  way,  only 
that  section  of  conduit  sample  in 
the  immediate  vicinity  of  the  radi¬ 
ating  coil  was  contributing  to  the 
shielding  effectiveness  measure¬ 
ment.  What  happened  to  the  con¬ 
duit  at  a  short  distance  either  side 
of  the  radiating  coil,  whether  it 
terminated  altogether,  whether 
capped  over,  bent  or  twisted,  all  had 
relatively  no  bearing  on  the  meas¬ 
urement.  Thus  the  measurement 
was  truly  one  of  the  shielding  ma- 


desired,  is  raised  until  a  convenient 
reading  is  registered  on  an  output 
indicator  connected  to  the  radio  re¬ 
ceiver,  also  tuned  to  the  same  fre¬ 
quency.  The  test  sample  is  then  re¬ 
moved  and  the  signal  generator  out¬ 
put  voltage  is  lowered  until  the  same 
receiver  output  as  before  is  ob¬ 
tained.  The  ratio  of  the  two  signal 
generator  settings  is  a  measure  of 
the  shielding  effectiveness  of  the 
sample.  For  convenience  in  han¬ 
dling  and  plotting,  this  ratio  has 
been  converted  into  decibels  rep¬ 
resenting  electromagnetic  field 
strength  attenuation. 

D*tlg*  Co*tld*ratleu 

Before  presenting  the  results  of 
actual  measurements  on  various 
tubular  shielding  specimens,  it  will 
be  well  to  examine  briefly  some  of 
the  major  considerations  involved 
in  the  design  of  this  instrument. 

The  single  concept  which  exerted 


the  greatest  influence  on  initial  de¬ 
velopment  was  that  shielding  effec¬ 
tiveness  be  evaluated  in  absolute 
terms — standard  electrical  units 
such  as  decibels  of  attenuation,  not 
in  terms  of  some  other  arbitrarily 
chosen  sample  or  in  terms  depend¬ 
ing  in  any  way  upon  measuring 
equipment  characteristics  which 
could  vary  from  one  setup  to  an¬ 
other.  Thus  the  receiver,  no  two  of 
which  are  exactly  alike,  is  elimin¬ 
ated  from  any  role  of  directly  me¬ 
tering  r-f  voltages  and  is  used 
merely  as  a  fixed-point  indicator. 
The  actual  metering  is  accomplished 
by  the  accurately  calibrated  r-f  at¬ 
tenuator  in  conjunction  with  the 
signal  generator.  Furthermore,  the 
absolute  microvolts  of  output  need 
not  correspond  to  the  actual  attenu¬ 
ator  settings,  since  only  ratios  are 
significant.  Percent  modulation  of 
the  r-f  signal  has  no  bearing  on 
measurement  results;  in  fact,  com¬ 


FIG.  3 — Closeup  of  radiating  coil  and  its  Faraday  shield,  mounted  between  the  two 

single-turn  pickup  loops 
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Coordinated  with  the  extensive  and  exhaustive  research  of 
Raytheon,  CINCH  engineering  experience  in  metal-plastic 
assemblies  contributes  to  industry  a  perfected  socket  for 
^  standard  sub-miniature  tubes.  This  ''mite''  of  a  socket 

insures  positive  electrical  contact,  holds  the  tiny 
^  N.  tubes  securely  in  place,  permits  easy  main- 

tenance  and  replacement,  yields  maximum 
N.  insulation  resistance  and  minimum  high 
frequency  loss,  and  provides  manu- 
facturers  of  pocket  radio  receivers 
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^  y  It  is  now  in  production  and  available  on  order. 
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terial  itself  and  was  not  affected 
by  end  connections. 

Orientation  of  Rodioting  Coil 

Two  possible  orientations  of  the 
radiating  coil  in  relation  to  the  con¬ 
duit  specimen  are  shown  in  Fig.  4. 
While  solid-wall  conduit  gave  iden¬ 
tical  attenuation  values  under  either 
condition,  flexible  conduits,  with 
spiral  seams  at  the  joining  of  the 
spirally  w'ound  strip  of  metal  inner- 
core,  exhibited  appreciably  greater 
shielding  effectiveness  when  meas¬ 
ured  with  the  radiating  coil  coaxial 
with  the  test  sample  than  when 
measured  with  the  radiating  coil  at 
right  angles  to  this  position. 

The  explanation  for  this  differ¬ 
ence  may  best  be  understood  by  ex¬ 
amining  the  positions  assumed  by 
the  r-f  fields  and  the  accompanying 
eddy  currents  in  the  walls  of  the 
conduit  for  each  orientation.  When 
the  radiating  coil  lies  coaxially 
with  the  test  specimen,  the  eddy 
currents  induced  by  the  field  circu¬ 
late  around  the  conduit  in  the  man¬ 
ner  shown,  exactly  as  currents 
would  be  induced  in  a  closed  con¬ 
ducting  ring  located  centrally 
around  the  axis  of  the  coil.  Since 
the  path  of  these  eddy  currents  is 
approximately  parallel  to  the  seams 
of  spirally  wound  conduit,  the  resis¬ 
tance  introduced  by  the  seams  is 
low  and  the  shielding  effectiveness 
is  consequently  high. 


When  the  axis  of  the  coil  is  at 
right  angles  to  the  conduit  axis,  the 
eddy  currents  are  induced  in  the 
conduit  walls  around  the  intersec¬ 
tion  of  the  walls  and  the  projected 
coil  axis.  Since  this  path  is  in  part 
perpendicular  to  the  spiral  seams 
of  the  flexible  conduit,  the  resis¬ 
tance  thereby  introduced  into  the 
path  is  relatively  high,  and  the 
shielding  effectiveness  is  corres¬ 
pondingly  low.  However,  in  the  case 
of  solid-wall  conduits  or  tubes,  the 
resistance  to  eddy  currents  is  the 
same  in  any  direction,  hence  the 
shielding  effectiveness  is  unchanged 
regardless  of  the  orientation  of  the 
radiating  coil  and  its  field.  In  light 
of  this  analysis,  it  appeared  prefer¬ 
able  to  standardize  the  radiating 
coil  position  as  that  perpendicular 
to  the  axis  of  the  test  sample.  The 
eddy  currents  so  induced  travel  over 
a  portion  of  their  path  in  a  direc¬ 
tion  lengthwise  of  the  conduit  and 
more  nearly  duplicate  conditions  oc¬ 
curring  in  a  normal  conduit  instal¬ 
lation  that  is  being  used  for  r-f 
shielding  purposes. 

Shielding  EfFectiveness  of  Specific 

«  Test  Samples 

Results  for  a  series  of  six  solid- 
wall  brass  tubes  and  two  solid-wall 
copper  tubes  of  varying  wall  thick¬ 
nesses  are  given  in  Fig.  5.  Although 
no  exact  mathematical  formula  will 
be  evolved  here  for  accurately  cal¬ 


culating  the  shielding  effectiveness 
of  any  solid-wall  tube  at  any  fre¬ 
quency,  certain  factors  upon  which 
shielding  effectiveness  does  depend 
are  quite  evident,  and  within  limits 
the  actual  manner  of  dependency 
may  be  determined  by  inspection  of 
the  curves. 

The  slope  of  the  curves  for  the 
thinner-walled  brass  tubes  is  fairly 
consistent  at  6  db  rise  for  each  100- 
percent  increase  in  frequency.  Thus, 
since  6  db  represents  a  2  to  1  ratio, 
or  a  100-percent  change,  shielding 
effectiveness  for  very  thin  tubes  is 
seen  to  be  directly  proportional  to 
frequency.  However,  for  the  heav¬ 
ier-walled  tubes,  and  even  for  the 
very  thin  tubes  at  high  frequencies, 
the  shielding  effectiveness  increases 
at  a  rate  greater  than  merely  pro¬ 
portional  to  frequency.  The  result¬ 
ing  upward  curvature  becomes  dis- 
cernable  in  the  region  where  skin 
depth,  or  depth  of  penetration,  ap¬ 
proaches  and  becomes  less  than  the 
wall  thickness.  Shielding  effective¬ 
ness  then  increases  exponentially 
with  frequency  as  the  ratio  of  wall 
thickness  to  skin  depth  exceeds 
unity. 

Shielding  effectiveness  varies 
with  wall  thickness  at  all  frequen¬ 
cies.  In  fact,  for  the  straight-line 
portion  of  the  curves,  the  variation 
is  seen  to  be  one  of  direct  propor¬ 
tionality,  for  with  each  doubling  of 
wall  thickness,  other  factors  re- 


PATH  OF  ORCUUmNC 
CURRENTS 
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CURRENTS 

RAOIATiFie  £OIL;  PERPENDICULAR  TO  CONDUIT 


FIG.  4 — ^Pothc  of  ilux  around  radiating  coil  and  circulating  cur¬ 
rants  through  conduit  for  coaxial  and  perpondiculor  orisntotion  of 
•  radiating  coil  inside  test  sample  of  conduit 


FIG.  5 — Shielding  effectiveness  of  V^-inch  diameter  (solid  curves) 
and  1-inch  diameter  (dosh-dosh  curves)  brass  and  copper  solid- 
wall  tubing  with  various  wall  thicknesses 
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Compact  Design  . . . 
Unlimited  Circuits . . 
that’s  the 


BS 

LINE 


Here  is  a  line  of  single  or  multiple  gang  section 
switches,  designed  to  serve  RF  applications,  but 
with  special  emphasis  on  circuit  flexibility  coupled  with 
unusual  smallness  of  size. 

The  RS-50  and  60  are  especially  designed  for  radio  re¬ 
ceivers  where  low-torque  indexing  action  is  essential.  The 
RS-30  and  RS-40  are  designed  for  high-torque,  snap  in¬ 
dexing.  All  embody  the  following  features : 

•  Unlimited  circuit  possibilities 
•  Compact  design 

•  NeiVy  heavier  staples  and  assembly  technique^  in¬ 
suring  tight  terminals 

•  New  stator  design  which  improves  rotor  and  contact 
alignment 

•  Double  wiping  contacts 
•  Silver-to-silver  contacts 
•  Indium-treated^  silver  plated  rotor  segments 
•  Improved^  low-loss  phenolic  insulation 

Get  acquainted  with  these  RS  switches  before  your  product 
reaches  the  blueprint  stage.  Write  direct  for  RS  Switch 
Data  Folders  and  Specification  I.ayout  Sheets.  Standard 
Mallory  Switches  may  be  readily  obtained  from  your 
Mallory  Distributor. 


(AboTe)  Smalleat  of  the  RS  •witche* — ideal  for  undcr.clia 
mounting. 


n  ^ '  CO  ( Atmve)  Low-torque  indexing  features  this  versatile  switch  for 
K  O  *  9  w  radio  receiver  use. 


(Above)  Somewhat  larger  than  the  RS*60,  but  still 
compact.  With  snap  imiexina. 


RS-40 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


RS-30  CERAMIC 


(Above)  Offers  all  the  advantages  of  an 
RS-tO  switch  plus  maximum  insulation. 
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maining  constant,  shielding  effec¬ 
tiveness  is  6  db  higher. 

The  copper  tubes  are  consider¬ 
ably  more  effective  than  brass  tubes 
of  the  same  diameter  and  wall  thick¬ 
ness,  hence  conductivity  is  a  factor. 
The  conductivity  of  copper  may  be 
taken  as  approximately  four  times 
that  of  brass,  and  if  curves  of  cop¬ 
per  tubes  and  brass  tubes  of  equal 
wall  thickness  are  compared  in  the 
straight-line  region,  the  copper 
tubes  are  found  to  be  approximately 
12  db  higher,  or  four  times  more 
effective  than  the  corresponding 
brass  tubes.  Accordingly,  shielding 
effectiveness  is  directly  propor- 


FIG.  6 — Variation  of  shielding  etiectiTe- 
ness  with  frequenqf  for  three  combinations 
of  V^-inch  and  1-inch  diameter  solid- wall 
brass  tubing,  with  cunres  for  single  V^-inch 
tubes  shown  separately  for  comparison 


tional  to  conductivity  where  wall 
thickness  is  less  than  skin  depth. 

In  Fig.  5,  1-inch  diameter  tubes 
are  compared  with  J-inch  tubes  of 
similar  material  and  wall  thickness. 
The  larger-diameter  tubes  are  ev¬ 
erywhere  more  effective  by  approxi¬ 
mately  3  db. 

Results  for  Concentric  Shields 

Figure  6  shows  the  shielding  ef¬ 
fectiveness  obtained  by  placing  a 
i-inch  tube  inside  a  1-inch  tube  of 
similar  material  and  wall  thickness. 
The  slope  of  the  curves  for  the  com¬ 
binations  is  12  db  rise  per  each 
frequency  octave  as  against  6  for 
each  tube  measured  singly,  and  the 
attenuation  produced  by  two  con¬ 
centric  shields  is  approximately  the 
sum  of  the  attenuation  readings  of 
each  tube  measured  separately.  This 
is  to  be  expected  in  view  of  the 
concept  that  the  electromagnetic 
field  undergoes  a  given  attenuation 
in  passing  through  an  interposed 
sheet  of  conducting  material,  in 
much  the  same  manner  that  electric 
waves  are  attenuated  by  a  section 
of  transmission  line.  Except  for 
intersectional  reflection  losses,  each 
sheet  of  conducting  material  or  each 
section  of  line  increases  the  total 
attenuation  by  the  number  of  units 
contributed  by  itself  alone. 


Shielding  effectiveness  of  a  single 
solid-wall  tube  is  a  function  of  fre¬ 
quency  to  the  first  power,  referring 
now  only  to  the  straight-line  region 
of  the  frequency-attenuation  char¬ 
acteristic,  while  effectiveness  for 
two  coaxial  tubes  in  combination  is 
a  function  of  frequency  squared. 

If  there  were  three  tubes,  it  would 
be  a  function  of  frequency  cubed. 
This  relationship  suggests  the  pos¬ 
sibility  of  constructing  an  ex¬ 
tremely  effective  conduit  by  merely 
combining  several  layers  of  some 
shielding  material,  each  layer  of 
which  by .  itself  need  not  be  very 
effective.  • 

Tinfoil  and  Braid  Samplos 

Figure  7  shows  the  shielding  ef¬ 
fectiveness  characteristics  for  a 
number  of  miscellaneous  types  of 
shielding  materials.  Owing  to  its 
thinner  walls  and  lower  conductiv¬ 
ity,  the  tinfoil  tube  is  substantially 
less  effective  than  the  solid-wall 
brass  tube.  However,  from  approxi¬ 
mately  2  me  up,  the  slopes  are 
identical.  It  is  interesting  to  ob¬ 
serve  that  in  spite  of  the  extreme 
wall  thinness  and  relatively  low 
conductivity,  the  solid-wall  tinfoil 
tube  has  greater  shielding  effective¬ 
ness  above  80  me  than  the  heavier 
but  porous  conduit  and  braids.  The 
tinfoil  tube,  however,  is  compara¬ 
tively  ineffective  at  the  low  end  of 
the  frequency  range  shown,  and  the 
slope  becomes  less  as  the  zero  at¬ 
tenuation  level  is  approached. 

The  one  flexible  conduit  consist¬ 
ing  of  a  loose-crimp  inner  core  plus 
a  tinned  copper  outer  braid.  The 
two  braid  samples  are  seen  to  have 
quite  similar  curves  in  that  the 
shielding  effectiveness  increases 
rapidly  in  the  lower-frequency 
range,  but  flattens  out  until  shield¬ 
ing  effectiveness  remains  virtually 
constant  with  any  further  rise  in 
frequency.  This  appears  to  be  char¬ 
acteristic  of  shielding  materials  of 
nonsolid-wall  construction,  such  as 
braids  or  conduits  with  loose  (not 
soldered)  crimp  or  flange  inner- 
core  construction. 

The  method  is  applicable  to  prac¬ 
tically  any  shielding  material  in 
conduit  form.  The  testing  proce¬ 
dure  can  be  conducted  by  semi¬ 
skilled  operators  and  could  be 
adapted  readily  to  a  spot  check  con¬ 
trol  of  commercial  production. 


FIG.  7 — Variation  of  shielding  effectiTeneM  with  frequency  for  five  samples  of  solid. 

flexible,  and  braided  shielding 
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...with  four  sound  principles  for  economy  and  fast  assembly 


Scovill  Phillips  Recessed  Head  Screws  are  scien¬ 
tifically  designed  and  engineered  to  offer  these 
outstanding  assembly  features: 

1.  Speed:  Driver  point  automatically  centers  in 
recess  .  .  .  fits  snugly.  Screw  and  driver  become 
one  unit  .  .  .  assembly  speed  often  increases  50%. 

S.  Safety:  The  recessed  head  feature  eliminates 
slotted  screw  burrs  and  screw  driver  skids  which 
result  in  injuries  to  assembly  workers  .  .  .  losses 
in  time  and  money  are  eliminated. 

3.  Appearance:  The  attractive  recessed  head  gives 
that  "finishing  touch"  to  products  having  visible 


screw  heads  .  .  .  attractive  appearance  imoroves 
sales  appeal. 

4.  Assembly  Cost:  The  use  of  Scovill  Phillips 
Screws  reduces  rejects  -  raises  efficiency/  curtails 
accidents  — increases  speed  /  eliminates  burrs - 
saves  man  hours  ...  all  of  which  adds  up  to  lower 
assembly  cost. 

The  progressive  features  of  Phillips  Screws  com¬ 
plement  and  expand  ScovUl's  progressive  pro¬ 
gram  of  producing  specially  designed  cold- 
forged  fastenings.  Phillips  Screws  made  by 
Scovill  are  backed  by  the  quality  and  depend¬ 
ability  for  which  Scovill  is  well  known. 


•  ••buy  Scovill  Phillips  Screws  (or  quality,  economy  and  fast  assembly 


Scovill  Manufacturing  Company 

WATERVILLE  products 


SCREW  Division 


WATERVILLE  48,  CONN. 


TEL.  Water Bu RY  •  3-31  51 


NEW  YORK,  Chrysitr  BMf  •  DETROIT,  6460  Kirehml  kmm  •  CHICAGO.  135  Soott  liSallt  Stmt  •  PHIUDELPH1A,  16  W.  CWRm  Avsin  BiMti 
PITTSBURGH.  2882  W.  Ubvtf  Avi.  •  SYRACUSE,  Syraam  •  KNiptr  lussraiice  BMf.  •  LOS  ANGELES.  2627  S.  Soto  St  •  SAN  FRANCISCO.  434  Bramaii  SL 
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Pressure-Time  Curves  in  Electronic  Observation 

of  Engines 

By  W.  F.  Brown 

Electro  Product*  Lahoratorie* 

Chicago,  IlUnoi* 


Studies  of  internal  combustion 
engines  are  facilitated  by  means  of 
a  new  electronic  tool  that  uses  a 
capacitance-type  pickup  to  provide 
observation  and  measurement  of 
such  factors  as  compression,  peak 
pressures,  opening  and  closing  of 
valves,  static  pressures,  etc.  Ad¬ 
justments  such  as  fuel  to  air  ratio, 
spark  and  valve  timing  and  changes 
of  injection  timing  in  deisel  engines, 
can  be  made  and  the  effects  viewed 
on  an  oscilloscope  or  photographed 
to  provide  a  permanent  record.  Cali¬ 
bration  is  possible,  providing  means 
of  determining  peak  pressures  and 
other  important  pressure  points. 

Called  the  Pressuregraph,  the  in¬ 
strument  ’  is  basically  a  capacitance 
bridge  excited  by  a  100  kc  oscillator. 
Two  arms  of  the  bridge  consist  of 
fixed  resistors;  the  other  two  arms 
are  capacitors.  One  of  the  capaci¬ 
tance  arms  includes  a  diaphragm 
upon  which  pressure  impulses 
impinge,  the  other  arm  is  adjustable 
so  that  the  bridge  may  be  balanced. 


OSCILLOSCOPE 

O 

*1 

PICKUP 

AMPUFIER  ! 
AND 

OEMOOULATDR 

100  KC 
OSCILLATOR 

REGULATED 

POWER 

SUPPLY 

FIG.  I — ^Block  diagram  of  Pressuregraph 
system  showing  connections  to  pickup  head 
and  oscilloscope 


The  output  of  the  bridge  is  fed 
through  a  special  impedance-match¬ 
ing  transformer  and  600-ohm  line  to 
a  two-stage  amplifier  and  demodula¬ 
tor.  The  oscillograph  is  fed  from 
the  amplifier  and  demodulator  as 
shown  in  Fig.  1. 

The  bridge  and  the  impedance¬ 
matching  transformer  are  contained 
in  the  pickup  shown  in  Fig.  2.  The 
diaphragm  end  of  the  pickup  is  in¬ 
serted  in  the  engine  by  adaptors. 

Operation 

Figure  3  is  the  schematic  diagram 
of  the  system.  Variation  in  pressure 
on  the  diaphragm  of  the  pickup  un¬ 
balances  the  bridge  and  modulates 


the  100-kc  signal.  The  pressure- 
modulated  signal  is  amplified  and  a 
three-position  switch  permits  selec¬ 
tion  of  a  true  modulated  wave,  a 
signal  having  the  negative  modula¬ 


FIG.  2 — Th*  pickup  head  contains  the  ele¬ 
ments  of  the  bridge  circuit.  The  knurled 
nut  is  used  to  odiust  a  Toriable  capacitor 
for  balance 

tion  suppressed,  or  a  demodulated 
signal  giving  a  single  line  pattern 
showing  substantially  the  contour  of 
the  positive  modulation.  The  type 
of  pattern  for  each  of  the  selector 
positions  is  shown  in  Fig.  4. 

Switch  position  1  indicates  the 
true  pressure  time  pattern  as  no 
demodulation  or  integration  is  em¬ 
ployed.  The  next  best  pattern  is 
from  position  2,  where  a  small 
amount  of  distortion  is  present  due 


to  the  suppression  of  the  negative 
modulation,  however  to  mechanical 
engineers  it  is  substantially  the  indi¬ 
cator  card  picture  with  which  he  is 
most  familiar.  Transient  response 
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^ecaiue 

ELECTRO-MAGNETIC 


The  1946  Model 
HEINEMANN  CIRCUIT 
BREAKERS  are  smaller, 
more  eompaef  and 
faster  than  anything 
HEINEMANN  has  made 
heretofore. 


HEINEMANN 

/VlAONBTIC 

^  CIRCUIT  BREAKER 


The  HEINEMANN  CIRCUIT  BREAKER  is  suppUed  with  or  with¬ 
out  a  time-delay.  II  operated  without  the  time-delay  mechanism, 
it  trips  instantly  on  the  smallest  overload  or  short  circuit,  opening 
even  before  an  ammeter  can  indicate  the  peak  current  High 
speed  operation  is  obtained  by  means  oi  on  armature  which 
is  attracted  to  a  pole  piece  when  the  latter  is  energized  by  excess 
current  thus  operating  the  high  speed  latch*  The  rotation  oi  the 
latch  releases  contacts  which  ore  under  heavy  spring  pressure. 

The  addition  of  a  time-delay  merely  serves  to  keep  the  breaker 
frei^  opening  on  transient  overload  and  starting  surges,  but  Ih 
case  ^sl^rt  circuit  it  opercrtes  with  the  some  high  speed  os  the 


instantaneous''type. 

Magnetic  blowout  contacts  mounted  in  individual  arcing 
chambers  add  speed  to  the  arc  interruption.  As  the  amount  oi 
current  increases,  the  quenching  eifect  becomes  greater,  due  t< 
the  intensified  magnetic  blowout  field. 


Send  for  NEW  Catalog  Showing  Complete  Line  and  Engineering  Data  . . . 


in  these  switch  positions  is  better 
than  one  millisecond. 

Position  3  produces  an  integrated 
curve  so  that  extremely  rapid  pres¬ 
sure  changes  or  transients  are  not 
truly  recorded  and  is  most  suitable 
for  use  in  conjunction  with  mechani¬ 
cal  or  string  oscillographs. 

The  output  of  the  unit  is  sub¬ 
stantially  linear  when  plotted 
against  pressure.  Temperature 
changes  in  the  engine  due  to  dif¬ 
ferent  operating  conditions  will 
tend  to  change  the  original  balance 
of  the  bridge  due  to  expansion  of 
the  diaphragm.  Sensitivity  and' 
calibration  can  be  restored  by  ad¬ 
justment  of  the  variable  capacitor 
arm  in  the  top  of  the  pickup. 

Calibration 

Calibration  of  the  instrument  for 
any  diaphragm  and  oscilloscope  com¬ 
bination  is  possible  using  either  of 
two  methods.  In  one  method,  the 
piston  of  the  engine  is  set  at  top 
dead  center  and  compressed  air  is 
applied  at  different  pressures 
through  a  tapped  hole  in  the  side  or 
top  of  the  cylinder.  The  air  pres¬ 
sure  gauge  readings  are  tabulated 
against  the  oscilloscope  deflection 
for  each  step  in  pressure. 

In  the  second  method,  the  pickup 
is  inserted  in  a  tank,  the  pressure 
within  which'  can  be  varied  and 
recorded  on  a  gauge.  Either  com¬ 
pressed  air  or  hydraulic  means  can 
be  employed  in  the  tank  to  effect  the 
pressure  changes,  and  if  possible  a 
method  should  be  provided  to  main- 


FIG.  4 — Oscillograms  showing  rise  and 
loll  of  pressure  in  engine  cylinder  during 
compression  stroke.  (A)  Switch  position  1. 
(B)  Switch  position  2.  (C)  Switch  position  3 

tain  the  pickup  at  the  operating  tem¬ 
perature  of  the  engine.  The  same 
calibrating  procedure  is  followed  in 
this  method  as  in  the  engine  method. 

A  cathode-ray  oscilloscope  with  a 
low  sweep  frequency  is  used  with 
the  Pressuregraph  since  the  rpm  of 
some  engines  when  converted  to 
revolutions  per  second  is  quite  low. 
For  instance,  a  360  rpm  engine  is 


equivalent  to  6  rps.  To  see  a  single 
pattern  of  the  pressure  time  wave, 
sweep  frequency  controls  of  the 
oscillograph  have  to  be  adjusted  to 
six  cycles  per  second.  A  marker  sys¬ 
tem  can  be  used  to  indicate  the  top 
of  the  stroke,  spark  timing  or  any 
part  of  the  cycle  that  the  engine  goes 
through.  The  marker  can  be  pro¬ 
duced  by  a  pulse  generator  which  in 
turn  is  triggered  by  mechanical 
means  at  the  engine  for  the  partic¬ 
ular  point  in  the  engine  cycle  to 
be  marked.  The  marker  can  be  made 
to  appear  on  the  pressure  time  curve 
as  a  bright  spot  or  as  a  blank  spot 
in  the  pattern  by  applying  the 
marker  voltage  to  the  Z  axis. 

The  internal  synchronizer  of  the 
oscilloscope  or  external  synchorniza- 
tion  from  the  engine  shaft  can  be 
used  to  lock  the  sweep  frequency  in 
step  with  the  pressure  wave  being 
observed.  Engines  with  irregular¬ 
ities  in  speed  and  engines  with  a 
low  rpm  are  difficult  to  synchronize 
with  the  internal  synchronizer  of 
the  oscilloscope. 

Application 

Complete  analysis  of  the  operation 
of  internal  combustion  engines  and 
pressure  can  be  made  by  a  study  of 
the  oscilloscope  patterns.  Excessive 
instantaneous  pressures,  due  to  hy¬ 
draulic  momentum  created  by  elas¬ 
ticity  of  feed  pipes  in  diesel  engines 
are  at  once  apparent.  Close  adjust¬ 
ments  of  fuel  mixtures  and  ignition 
timing  are  facilitated,  resulting  in 
improved  designs  and  performance. 


Production  Testing  of  Panel  Meters 


Checking  and  calibrating  of  d-c. 


By  Roscoe  Ammon 


measuring  instruments  during  man¬ 
ufacture,  rechecking  of  accuracy  in 


Chief  Engineer 

Marion  Electrical  Instrument  Co. 
Manchester,  N.  H. 


plants  and  laboratories  during  use, 
and  demonstrating  performance  and 
accuracy  on  counters  of  retail  stores 


Fig*  1 — Qrciflt  <Uagrain  of  type  Ml  meter  tester  manufactured  by  Marion  Electrical  Instrument  Co.  Range  selector  is  set  to  positton 

corresponding  to  range  of  meter  being  checked 
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Kodak 


PHOTO  LAYOUT  shows  dimensions  and  working  in¬ 
structions  in  full  scale  on  the  metals,  plastics,  or  other 
material  in  production.  Excellent  for  templates  and 
precision  dials,  wiring  diagrams,  etc. 


ULTRA-SPEED  PHOTOGRAPHY 

shows  action  too  fast  for  the  eye  to 
follow  by  stretching  split  seconds 
into  minutes. 


X-RAY  DIFFRACTION  shows 
effect  of  processes  and  opera¬ 
tions  on  the  crystal  structure  of 
materials. 


RADIOGRAPHY  shows  condition  of  internal  structure.  Eliminates 
questionable  parts  before  they  reach  the  production  line.  A  rapid, 
dependable  non-destructive  production  control. 


ELECTRON  MI¬ 
CROGRAPHY 

shows  surface 
details  beyond 
magnifications 
previously  re¬ 
garded  pos¬ 
sible.  Provides 
much  impor¬ 
tant  new  data. 


RECORDAKputs  hundreds  of  big  bulky  drawings  or  other 
records  on  a  single  small  roll  of  microfilm,  saves  98%  in 
space,  99%  in  weight.  Safeguards  valuable  records. 


r  1 

L  J 

»  J 

TESTING  PANEL  METERS 


(continued) 


The  meter  tetter  in  use  on  production  line. 
Inttructions  for  ute  ore  lithographed  on 
brass  plate  inside  the  coTer  for  perma* 
nence  ond  conTenience 


about  3,000  ohms  up  to  practically 
infinity  when  grid  bias  was  varied 
over  a  range  from  a  positive  value 
of  a  few  volts  to  just  beyond  cutoff 
bias.  This  permitted  use  of  the  v-t 
rheostat  in  series  with  the  source  for 
voltage-dropping  purposes  rather 
than  as  a  voltage-dividing  potenti¬ 
ometer.  Furthermore,  the  25,000- 
ohm  potentiometer  needed  for  bias 


FEATURING  PRECISION  PRODUCTION 
WITH  TRUE  ECONOMY. . . 


STANCOR  is  justly  proud  of  its  ability  to  meet  all  specialized 
transformer  needs.  At  STANCOR,  the  combination  of  superior 
engineering  skill  and  a  long  record  of  difficult  and  complex  manufac¬ 
turing  problems  successfully  solved,  unite  to  guarantee  the  produc¬ 
tion  of  transformers  unexcelled  in  durability,  service  and  economy. 

Every  individual  specification  that  comes  to  STANCOR  receives 
individualized  attention  and  study  .  . .  persistently  and  practically 
devoted  to  the  ideal  of  ”more  performance  per  dollar.” 

Competent  laboratory  and  sales  engineering  facilities  are  avail¬ 
able  NOW  to  meet  your  most  exacting  transformer  specifications. 


Chassis  of  instrument.  Use  of  0.1  percent 
tolerance  multiplier  resistors  and  precision 
mirror-scale  standard  instrument  results  in 
overall  accuracy  better  than  0.5  percent 


STANDAtD  TRANSFOIMIR  CORPORATION 

1500  NORTH  HALSTED  STREET  CHICAGO  22.  ILLINOIS 
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recision  quality  control  mokes 

STUPAKOff 

CERAMICS 

. . .  .your  best  choice 

Stupakoff  quality  control  means  .  .  . 

1.  Strict  adherence  to  your  specifications — 

2.  Uniform,  dimensionally-accurate  ceromic  insulators 
that  minimize  production  losses — 

3.  Maximum  mechanical  strength — 

4.  Maximum  electrical  protection. 

These  advantages  af  StupakafF  Ceramics  are 
gained  through  carefully  selected  and  laboratory 
controlled  materials  .  .  .  competent 
engineering,  backed  by  years  of  ex¬ 
perience  and  research  .  .  .  plus 
modern  manufacturing  facilities  and 
constant  inspection.  For  the  finest 
ceramic  insulators . . .  specify  Stupakoff. 


Writ0  for  Bullotin  245  describing  Stupo- 
koff  Ceramic  Produrtt  and  Hormatic  Seois. 


STUPAKOFF 
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STUPAKOFf 
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TESTING  PANEL  METERS  (continutd) 

variation  was  readily  obtained  in  a 
stable,  smoothly-operating  wire- 
wound  unit  having  long  life  at  the 
low  grid  current  values  encountered. 

In  the  final  circuit  utilizing  this 
feature,  the  meter  to  be  checked  is 
converted  to  a  100-volt  d-c  voltmeter 
by  appropriate  multiplier  resistors 
in  series,  and  connected  in  parallel 
with  the  precision  standard  100-volt 
meter  in  the  instrument.  Both 
meters  are  fed  by  a  regulated  full- 
wave  power  pack  through  the  series 
v-t  rheostat,  as  shown  in  Fig.  1.  The 
voltage  is  varied  from  0  to  100  volts, 
by  adjusting  the  25,000-ohm  poten¬ 
tiometer  in  the  grid  circuit,  while 
the  readings  of  the  two  meters  are 
compared.  Fine  adjustments  of 
voltage  are  obtained  with  a  1,000- 
ohm  rheostat  serving  as  vernier  con¬ 
trol  in  the  grid  circuit. 

•  •  • 

Contouring  Control  for 
Machine  Tools 

Almost  anything  that  can  be  cut 
with  a  motor-driven  tool  from  a  pat¬ 
tern  or  template  can  be  produced  ac¬ 
curately  and  completely  automatic¬ 
ally  with  a  machine  equipped  with  an 
automatic  contouring  system  devel¬ 
oped  by  General  Electric  engineers. 
It  uses  an  electronic  finger  which 
feels  its  way  around  the  angles  and 
curves  of  a  pattern  to  control  the  op¬ 
eration  of  the  cutting  tool. 

This  feeler  or  tracing  stylus  com¬ 
prises  two  magnetic  bridges,  each 
consisting  of  two  identical  magnetic 
circuits,  one  pair  mounted  on  an  axis 
at  right  angles  to  the  other  pair.  The 
four  magnetic  poles  are  assembled  on 
a  diaphragm  which  is  fastened  to  the 
stylus. 

The  very  slight  pressure  of  the 
feeler  against  the  template  causes  a 
deflection  of  the  diaphragm  which  in 
turn  creates  a  change  in  voltage  in 
the  coils  of  the  tracing  head.  This 
voltage  is  then  conducted  to  elec¬ 
tronic  circuits  where  the  signals 
from  the  bridge  circuits  are  ampli¬ 
fied  many  times  and  mixed  into  a 
vector  signal  which  is  related  to  the 
direction  of  the  pressure  on  the 
stylus.  This  signal  causes  the  stylus 
to  be  driven  against  the  template  and 
as  the  deflection  of  the  stylus  in¬ 
creases  the  vector  signal  is  shifted  by 
a  bender  circuit  to  cause  the  stylus  to 


rt 


feifa 


[•  Taithfully  Refiroduces  All  Gradatiom  of  Tone 
^and  Volume  with  Lifelike  .Clarity. 
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A  FAMILY  OF  MIDGETS 

Quality  relays — for  controls  where  mini¬ 
mum  size,  weight  and  cost  are  factors 


V  Small  moxinting  space  required. 

V  Contact  arrangements  —  from  SPST 
through  4PDT. 

V  Pure  silver  contacts,  W  diameter 
— rated  2  Amps  at  115  VAC.,  non- 
inductive. 

V  Available  with  all  contacts  well  in¬ 
sulated  from  ormatiire  and  frame. 


9  Weighing  less  than  two  ounces — capable  of  handling  heavy  currents  for  their  size — these 
miniature  relays  are  built  for  long  and  lasting  service.  Thirteen  different  types  ore  available 
now  in  production  quantities.  Standard  coils  consume  .750  Watts,  2  to  32  VDC,  or  4  V/A.,  1.5  to 
115  VAC.  Send  specifications  on  your  planned  application.  Our  engineers  will  review  and 
recommend  specific  relay  requirements. 


5915  AVALON  BOULEVARD,  ♦LOS  ANGELES  3,  CALIF. 
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Crystals  Licensed  Under  Patents  of  the  Brush  Development  Co 


TESTING  PANEL  METERS 


variation  was  readily  obtained  in  a 
stable,  smoothly-operating  wire- 
wound  unit  having  long  life  at  the 
low  grid  current  values  encountered. 

In  the  final  circuit  utilizing  this 
feature,  the  meter  to  be  checked  is 
converted  to  a  100- volt  d-c  voltmeter 
by  appropriate  multiplier  resistors 
in  series,  and  connected  in  parallel 
with  the  precision  standard  100-volt 
meter  in  the  instrument.  Both 
meters  are  fed  by  a  regulated  full- 
wave  power  pack  through  the  series 
v-t  rheostat,  as  shown  in  Fig.  1.  The 
voltage  is  varied  from  0  to  100  volts, 
by  adjusting  the  25,000-ohm  poten¬ 
tiometer  in  the  grid  circuit,  while 
the  readings  of  the  two  meters  are 
compared.  Fine  adjustments  of 
voltage  are  obtained  with  a  1,000- 
ohm  rheostat  serving  as  vernier  con¬ 
trol  in  the  grid  circuit. 


Contouring  Control  for 
Machine  Tools 

Almost  anything  that  can  be  cut 
with  a  motor-driven  tool  from  a  pat¬ 
tern  or  template  can  be  produced  ac¬ 
curately  and  completely  automatic¬ 
ally  with  a  machine  equipped  with  an 
automatic  contouring  system  devel¬ 
oped  by  General  Electric  engineers. 
It  uses  an  electronic  finger  which 
feels  its  way  around  the  angles  and 
curves  of  a  pattern  to  control  the  op¬ 
eration  of  the  cutting  tool. 

This  feeler  or  tracing  stylus  com¬ 
prises  two  magnetic  bridges,  each 
consisting  of  two  identical  magnetic 
circuits,  one  pair  mounted  on  an  axis 
at  right  angles  to  the  other  pair.  The 
four  magnetic  poles  are  assembled  on 
a  diaphragm  which  is  fastened  to  the 
stylus. 

The  very  slight  pressure  of  the 
feeler  against  the  template  causes  a 
deflection  of  the  diaphragm  which  in 
turn  creates  a  change  in  voltage  in 
the  coils  of  the  tracing  head.  This 
voltage  is  then  conducted  to  elec¬ 
tronic  circuits  where  the  signals 
from  the  bridge  circuits  are  ampli¬ 
fied  many  times  and  mixed  into  a 
vector  signal  which  is  related  to  the 
direction  of  the  pressure  on  the 
[  stylus.  This  signal  causes  the  stylus 
to  be  driven  against  the  template  and 
as  the  deflection  of  the  stylus  in¬ 
creases  the  vector  signal  is  shifted  by 
a  bender  circuit  to  cause  the  stylus  to 


•  Taithfully  ReJ>roduces  All  Gradatiom  of  Tone 
Jl(and  Volume  with  Lifelike  .Clarity. 

ions  including 


•  Designed  for  Critical  Appli^ti 
FM  Trarismissidhs  . 


.  ‘Put  this'precwioh-lmUt^]rtJRNER»-2yi.l  Dynamic” to  the 
toughest- perfonnance?|tests  you  give- a  microphone. 


Use  ir  indoors  or*buttjWnder  the  raMt^difTicM^^^ 

and  climatic  conditioM.,  It’s  buUrtbl^kc  rough^anffling 

and;  jpeirform  lifc^  w^ei^. 


‘  21 utilires  andiaCpustic 
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■ >^^dmcture  design |T-esnY;^^cxtfe|i^^^  ,lowl.hannonrc  and 

a?*^1phase  distoAion  Witljou^^nfice  o.f|high^utp^leyel. 
.X .  Dvnainic  is  Wuipp^jgth^iUirig  Bead  ^scmi-|or.  nom 
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LEACH  RELAY  CO 


9  Weighing  less  than  two  ounces — capable  of  handling  heavy  currents  for  their  size — these 
miniature  relays  are  built  for  long  and  lasting  service.  Thirteen  different  types  ore  available 
now  in  production  quantities.  Standard  coils  consume  .750  Watts,  2  to  32  VDC,  or  4  V/A.,  1.5  to 
115  VAC.  Send  specifications  on  your  planned  application.  Our  engineers  will  review  and 
recommend  specific  relay  requirements. 
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A  FAMILY  OF  MIDGETS 

Quality  relays — ^for  controls  where  mini¬ 
mum  size,  weight  and  cost  ore  factors 

V  Small  mounting  space  required. 

V  Contact  arrangements  —  from  SPST 
through  4PDT. 

V  Pure  silver  contacts.  W’  diameter 
— rated  2  Amps  at  115  VAC.,  non- 
inductive. 

V  Available  with  all  contacts  well  in¬ 
sulated  from  armature  and  frame. 


That  all  Motorola  Police  and  Public  Utility 


Illustrated  is  Motoro* 
la’s  newest  contribution 
to  this  field— the  Mod* 
el  FSTRU-250-BR  250- 
watt  Central  Station 
Transmitter  •  Receiver 
Unit,  designed  for  the 
oewlyesublished  152- 
162  me.  band. 


equipment  uses  ANDREW  Coaxial  Cable  is  in¬ 
dicative  of  Motorola's  confidence  in  ANDREW 
engineering  and  manufacturing  skill.  The 
ANDREW  Company  is  a  pioneer  in  the  manu¬ 
facture  of  coaxial  cable  and  accessories. 


POLICE  USE  Md&tcAt 


Eighty  percent  of  all  FM  Police  radio  equip¬ 
ment  in  use  today  is  Motorola.  This  includes 
a  roster  of  35  state  police  systems  and  many 
thousands  of  city  and  county  systems  through¬ 
out  the  United  States. 


•  • 


CONTOURING  CONTROL  (conti„u,d, 

move  along  the  surface  of  the  tem¬ 
plate  with  a  uniform  deflection. 

The  bender  circuit .  feeds  into  a 
translator  circuit  which  produces  two 
separate  d-c  voltages.  Each  voltage 
determines  the  speed  of  one  of  two 
feed  motors.  These  voltages  are  so 
co-ordinated  that  the  resultant  speed 
of  the  stylus  around  the  template  is 
constant,  regardless  of  the  direction. 
When  a  change  in  contour  is  encount¬ 
ered,  one  motor  automatically  slows 
down  or  speeds  up  the  proper  amount 
to  reproduce  on  the  piece  of  work  in 


Graceful  cunret  of  this  candlestick  and 
aircraft  supercharger  were  shaped  by  ma¬ 
chine  tools  controlled  by  the  electronic  lin¬ 
ger  of  the  automotic  contouring  system 
developed  by  General  Electric  engineers 

the  machine  the  same  contour  en¬ 
countered  by  the  stylus  on  the  pat¬ 
tern.  If  a  90-degree  angle  is  en¬ 
countered,  the  direction  of  pressure 
on  the  stylus  and  the  direction  of 
motion  is  changed  by  90  degrees  al¬ 
most  instantaneously.  Both  inside  or 
outside  angles  can  be  cut. 

If  the  stylus  attempts  to  stray 
away  from  the  template,  the  vector 
signal  automatically  forces  the  head 
against  the  pattern,  insuring  not 
only  a  constant  degree  of  accuracy  in 
pattern  reproduction,  but  a  continu¬ 
ous  cutting  operation. 

Motor  Control 

The  rapid  changes  in  direction  of 
machine  motion  are  dependent  on 
fast  motor  control  using  thyratron 
tubes  that  control  motor  speed  and 
direction  from  the  translator  circuit 
signals  almost  instantaneously.  Each 
motors  can  be  stopped  or  started  in 
less  than  an  eighth  of  a  second. 

The  speed,  direction,  and  control 
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A  consideration  of  time 
and  cost  factors ! 

N-Y-T  engineers  are  now  in  a  position  to-ex-' 
tend  close  collaboration  in  the  solution  of 
transformer,  choke  and  filter  problems-^rom 
blueprint  to  finished  product.  They  are  pre¬ 
pared  to  design  special  components  for  specific 
applications  and  produce  them  promptly  at 
low  unit  cost.  This  unique  service  is  made  pos¬ 
sible  by  the  specialized  engineering  and  pro¬ 
duction  facilities  of  N-Y-T.  Our  engineers  are 
available  for  consultation. 

/4cCc0te4A  infuinicA  tA  E 

NEW  YORK  TRANSFORMER  CO 

62  WILLIAMS  ST.,  NEW  YORK  5.  N.  Y. 
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CONTOURING  CONTROL 


{continued) 


For  more  dotaiU,  get 
your  copy  of  Manual 
0-45,  free  on  request 
from  your  nearest  job¬ 
ber  or  from  the  Cherry 
Rivet  Co.,  Dept.  A-120, 
231  Winston  Street,  Los 
Angeles  13,  California, 


CHEMT  livers.  THEIR  MAHUFACTUIE  •  Am.lCATION  Ml  COVERCO  IT  D.  S.  PATENTS  ISSUED  ft  PENDIRa 


Regular 

Hollow 


Sftif. 

pVigoing 


Pull- 


through 


Hollow 


AT  LOWER  COST 


CHERRY 
BLIND  RIVETS 


PULL 


Drowbolt  in  slftove  of  gun' 
pulling  hftod  engage*  rivet 
i '  ‘  ^ stem.  When  gun  is  actuated, 

drawbolt  pulls  stem  into  riv¬ 
et,  upsetting  shonic  and  forming  tulip  head  at  rivet  toil 


Cross  section  of  self-plugging  Cherry  Rivet  being  In¬ 
stalled  in  bRiid  spot. 


Cherry  Blind  Rivets 
simplifyand  speed 
up  difficult  or  blind 
fastening.  Their 
use  has  greatly  reduced  fastening  time 
and  costs  in  a  wide  range  of  industries. 

Cherry  Rivets  are  upset  with  a  con¬ 
trolled  pulling  action.  They  are  Installed 

by  one  operator  working  from  one  side  of  any  application,  blind  or  not.  Cherry 
Rivets  are  being  used  successfully  in  pliable  or  brittle  materials  as  well  os  in 
all  sheet  metals.  They  are  installed  from  one  side  of  ducts,  stringers,  double 
surface  assemblies,  in  small  diameter  tubing  and  on  curved  surfaces.  Installa¬ 
tion  tools  are  designed  to  provide  easy  access  to  diffi¬ 
cult  locations. 

Some  of  the  advantages  of  Cherry  Rivets  over  other 
types  of  fasteners  are  unusually  broad  shank  expansion; 
generous  tolerances  in  material  thickness  and  hole  size; 
high  clinching  action  and  elimination  of  size  drilling 
and  reaming. 

Pneumatic  and  manual  Cherry  Rivet  guns  are  small, 
light,  easy-to-handle.  The  positive  mechanical  action  of 
both  the  rivets  and  the  guns  assures  proper  installations. 

There  are  three  types  of  Cherry  Rivets  made  in  sev¬ 
eral  head  styles  and  grip  lengths,  and  in  copper,  brass, 
steel  and  aluminum.  Standard  diameters  include  1/8*', 

5/32  ^  3/ 1 6  ^  7/32  M  /4  ''and  9/32  ^ 

Cherry  Rivets  in  special  alloys,  grip 
lengthsand  head  styles  made  to  order.  g-3S  Manual  Gun 


G-1SRB  PiMumatk  Gun 

Chftrry  RKrat  guns  ar*  vnalL 
|}ght,ftasy-to-hand  k,  worii  from 
arm  sM*  of  any  appHcation. 


of  the  motors  is  handled  by  the  op- 
erator  through  a  system  of  pushbut¬ 
tons  and  dial  controls  on  a  ma.^ter 
panel.  There  is  no  danger  of  overeut- 
ting  the  pattern,  even  manually,  for 
when  the  stylus  touches  the  pattern, 
the  automatic  control  takes  over  and 
follows  the  template  until  the  oper¬ 
ator  again  takes  control.  This  man¬ 
ual  operation  is  particularly  advan¬ 
tageous  in  following  an  outline  pat¬ 
tern  instead  of  a  cutout  template. 
The  operator  can  then  direct  the  trac¬ 
ing  stylus  over  the  drawn  diagram  in 
pencil  fashion,  and  the  motors  will 
take  care  of  moving  the  machine  to 
follow  the  stylus. 

The  new  control  can  be  applied  to 
many  different  types  of  metal-cut¬ 
ting  tools  and  is  capable  of  a  variety 
of  intricate  cutting  operations, 
which,  if  done  by  complete  manual 
operation,  would  involve  many  sep¬ 
arate  directional  cuts  and  endless 
gage  checks. 

In  tests,  chess  men  were  turned 
from  brass  using  the  system.  Five  in¬ 
tricately  contoured  chess  pawns  were 
turned  from  the  same  template,  each 
pawn  with  a  ball  at  the  top.  Though 
the  lathe  turning  of  a  perfect  ball, 
alone,  is  considered  by  experienced 
lathe  operators  to  be  an  extremely 
difficult  operation,  gage  checks  on 
the  finished  pawns  showed  less  than 
a  thousandth  of  an  inch  deviation 
from  measurements  among  all  five. 

Machines  equipped  with  this  auto¬ 
matic  contouring  control  turned  out 
many  complicated  parts  for  jet  air¬ 
craft  engines  and  turbo-supercharg¬ 
ers  during  the  war. 

•  •  • 

Electronic  Control  of 
Electric  Blanket 

Announced  as  the  first  use  of  elec¬ 
tronics  in  bed,  an  electrically  heated 
and  electronically  controlled  blanket 
has  been  introduced  by  the  Simmons 
Company.  The  control  automatically 
maintains  the  degree  of  warmth  se¬ 
lected  by  the  user  and  compensates 
for  changes  of  body  and  bed  temper¬ 
ature  regardless  of  the  room  tem¬ 
perature. 

The  electronic  blanket  operates 
with  a  small  bedside  cabinet  contain¬ 
ing  three  electronic  tubes  that  auto¬ 
matically  regulate  the  amount  of 
warmth  in  the  blanket.  A  flexible 
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A  radio  onginoors'  dream  come  true  .  .  .  Flat  sheets 
of  copper  die^tamped  into  perfect  super-sensitive 
loops  .  .  .  The  greatest  development  in  loop  antenno 
design  ond  manufacture  since  1920  •  .  •  Being 
rectangular  the  Airloop  has  27%  more  effective  orea  •  •  • 
^  Better  performonce  ot  lower  cost ...  No  set  builder  con 
afford  to  overlook  the  significance  -of  the  Airloop. 
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175  VARICK  ST;,  NEW  YORK  14,  N.  Y. 
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■LANKET  CONTROL  (eont;nu.d) 

wire  consisting  of  two  parallel  con¬ 
ductors  runs  throughout  the  interior 
of  the  blanket. 

One  of  the  two  conductors  serves 
as  the  heating  element,  while  the 
other,  known  as  a  “feeler”  wire  of 
nickel  alloy  of  high  temperature  coef¬ 
ficient,  governs  the  degree  of  warmth 
when  the  blanket  is  in  use.  When  the 
dial  on  the  control  is  set  at  a  desired 
temperature  the  feeler  wire  becomes 


Electronic  Bore  Gage  for 
Tubes  and  Pipes 

Chemical,  petroleum,  metallurgi¬ 
cal  and  other  industries  that  either 
make  or  use  tubes  and  pipes  having 
critical  requirements  as  to  interior 
surface  imperfections  can  use  a 


Changes  in  temperature  of  the  model  In 
bed  are  compensated  for  by  electronic 
tubes  in  the  plastic  cabinet  on  the  night 
table.  A  "feeler"  wire,  wound  through¬ 
out  the  blanket,  actuates  the  control  and 
turns  on  and  off  the  line  murent  feeding 
the  heater  element  in  the  blanket 

subject  to  change  when  this  temper¬ 
ature  has  been  attained.  The  wire  is 
conected  in  one  arm  of  a  Wheatstone 
bridge  and  the  other  arm  contains 
the  variable  control  used  for  the  heat 
setting. 

The  bridge  feeds  one  grid  of  a 
6SL7  connected  as  a  cascade  ampli¬ 
fier  that  feeds  into  a  6SN7  whose 
sections  are  connected  in  parallel  to 
actuate  the  relay  controlling  the  heat¬ 
ing-element  circuit.  A  special  thy- 
ratron,  type  1367,  provides  fail-safe 
protection  against  abnormal  condi¬ 
tions. 

•  •  • 


A  line  that  you  make  on  Ark¬ 
wright  Tracing  Cloth  is  measurably 
different,  so  clean  and  sharp  that  it 
almost  seems  as  though  you  could 
pick  it  up.  This  exceptional  quality 
comes  partly  from  the  unusual  trans¬ 
parency  of  the  material,  and  partly 
from  the  fact  that  the  line  doesn’t 
spread.  Then,  too,  the  absence  of 
pinholes,  specks,  dirt,  or  stains  helps 
to  give  the  illusion  that  the  lines  are 
floating  on  air. 

The  exclusive  features  of  Ark¬ 
wright  Tracing  Cloths  are  measur¬ 


able,  and  tangible  enough  to  support 
a  preference.  The  transparency,  for 
instance,  is  obtained  by  special  me¬ 
chanical  processing,  not  by  surface 
oils.  The  cloth  does  not  become 
brittle  with  age.  It  can  take  erasure 
upon  erasure  without  wearing 
through.  Re-inking  over  an  erasure 
can  be  done  without  feathering. 

All  of  these  features  together 
make  for  better  prints.  You  can  see 
this  for  yourself  at  our  expense.  Free 
samples  gladly  furnished.  Arkwright 
Finishing  Co.,  Providence,  R.  I. 
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HMPUCALL 


Two-Way  Communication, 

Paging  and  Pubiic  Address  Systems 

. . ,  Proved  durhf  tPe  werf 

When  it  was  necessary  to  save  not  only  hours  but  minutes  and 
even  seconds,  AMPLICALL  **came  through Its  complete  day-in- 
and-day-out  dependability,  multiple  uses,  flexible  design,  trouble- 
free  operation  and  tone  quality  make  it  the  preferred 
communications  system.  ”AMPHCALU^  is  another 
way  of  saying  ” efficiency” , . .  learn  how  it  can  bring 
about  a  greater  efficiency  for  your  business. 


’iin, 


TTJ 


AMPLICALL 

Intercommunication  unit,  ovoiloblo  for  two-way 
communication  botwoon  multiple  klationt. 


AMPLICAU 

Weatherproof 

Speaker 


AMPLICALL 
Paging 
Control  Unit 


fhoibatd 


AMPLICALL 

Audio  Ampliller  unit  fo^loboratory,  test 
equipment  and  general  applications. 


Electroneering  is  our  business  ■ 

THE  RAULAND  CORPORATION  •  CHICAGO  41,  ILLINOIS 
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FOR  TTHOSE  WHO 


Ersin  Multicore  Solder  contains  3  cores  of  non-corrosive  Ersin  Flux  and 
provides  just  that  extra  rapidity  of  fluxing  action  which  ensures  a  precision 
standard  of  consistently  reliable  solder  joints.  Only  3  independent  cores  of  flux, 
evenly  distributed  across  the  cross-section  of  the  solder  wire,  can  give  this  extra 
efficiency.  The  cost  of  an  individual  solder  joint  in  electronic  apparatus  is  so  little  and 
each  joint  so  vital  that  it  must  pay  you  to  buy  the  best  cored  solder — Ersin  Multicore. 


3  CORES  OF  ERSIN 
THE  ACTIVE  NON- 
CORROSIVE  FLUX 


Ersin,  wkicti  It  cenuintd  in  tfit  ) 
corns  of  Multieorn  Soldnr,  it  t  purn 
iu(h  iradn  rosin  which  htt  bnnn 
tubjnctnd  co  t  compinx  chtmieal 
proctstto  incrnasn  its  iction 

to  thn  highnst  dcgrtn  without  im* 
ptiring  thn  wnll  knowiTiion-corro* 
sivn  tnd  protnctivn  propnrtint  of 
thn  original  rosin.  In  nffnct.  rosin 
as  a  flux  sufficns  only  as  an  agnnt  to 
avoid  oxidation  during  soldnring, 
whnrnu  Ersin  will  not  only  rnntovt 
surfacn  oxidns.  but  also  prevent 
their  formation  during  the  solder* 
ing  operation.  NO  extra  flux.it 
required.  The  flux  does  not  tend 
to  run  out  of  cores,  so  there  it 
always  a  supply  available  for  the- 
next  Joint.  The  utmost  economjf 
of  flux  and  solder  is  achieved.' 


ERSIN 

Scaiei 
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MULTICORE  SOLDERS  LTD. 

MELLIER  HOUSE,  ALBEMARLE  STREET,  LONDON,  W.l,  ENGLAND 

Telephone;  REGENT  1141  PBX  4  lines  "  Telegrams:  DUSTICKON.  WESTCENT,  LONDON 


U4JL  DISTRIBUTORS: 

BRITISH  INDUSTRIES  SALES  CORPORATION 
401  BROADWAY.  NEW  YORK.  N.Y.I3 


BORE  GA6E 


(continutd) 
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new  electronic  bore  gage.  Direct 
contact  is  used  to  measure  the  di¬ 
ameter  of  tube,  gun  and  other 
cylindrical  interiors  with  an  accur¬ 
acy  of  one-half  of  ten  thousandths 
of  an  inch. 

The  new  gage,  comprising  a  pro¬ 
jection  rod  mounted  on  a  stabilized 
frame  and  containing  a  delicate, 
flexible  point,  is  inserted  into  a  bore 
where  it  checks  by  contact  all  in- 


FIRST 

AWARD 


FIRST  RENEWAL 
WITH  STAR  DEC 


SECOND  RENEWAL 

WITH  STAR  MAY  26.  1945 


JUNE  23.  1944 


16.  1944 


The  electronic  bore  gage  utiliiei  direct 
contact  to  measure  cylindrical  interiors 
with  on  accuracy  of  0.00005  inch 


terior  surfaces.  The  results  of  the 
test  are  transmitted  instantaneously 
to  a  Brown  electronic  precision  in¬ 
dicator.  This  instrument,  featur¬ 
ing  continuous  balance,  picks  up 
and  indicates  various  imperfec¬ 
tions,  air  pockets  and  other  un¬ 
wanted  conditions  to  0.00005  inch. 
The  gage  will  be  introduced  by 
Chrome  Gauge  Corporation  of  Phil¬ 
adelphia. 


Automatic  Analysis  of 
Elements  in  Metals 


For  use  in  metal  industries,  and 
in  any  chemical  process  where  close 
and  constant  spectroscopic  control 
is  desirable,  a  direct-reading  spec¬ 
trometer  has  been  developed.  In 
melting,  alloying  and  casting  of 
metals  it  will  lower  costs  by  reduc¬ 
ing  the  time  a  melt  must  be  kept  at 
temperature  while  waiting  for  ana¬ 
lytical  reports.  The  accuracy  is 
said  to  be  equal  or  superior  to  that 
possible  by  spectrographic  methods. 

The  instrument  electronically 
measures  the  concentration  of  ele¬ 
ments  in  alloys  and  automatically 


A  complete,  expertly-manned  tool  and  die  shop 
enables  Insuline  to  give  almost  immediate  deliv¬ 
ery  on  anything  a  manufacturer  might  require... 
from  a  lug  to  a  gigontic  transmitting  cabinet... in 
quantities  and  to  specifications. 

The  rest  of  the  Insuline  plant  is  equally  well 
equipped  to  serve  the  nation's  manufacturers. 
Batteries  of  high-production  machinery  are  avail¬ 
able  to  turn  out  such  items  as  chassis,  metal 
boxes,  cabinets,  terminal  boards,  and  special 
stampings  of  all  kinds. 

Moreover  Insuline  can  produce  the  item  you  rq- 
quire  from  beginning  to  end,  all  within  the  walls 
of  the  Insuline  plant. 

-If  you  have  a  production  problem,  an  Insuline 
Engineer  will  be  glad  to  discuss  it  with  you.  If  you 
prefer,  send  your  specifications  and  we  will  send 
an  accurate  estimate  by  return  mail. 
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DISTINCT  ADVANCE 


1.  Provides  '^spring  -  washer^'  effect  for  secure 
capacitor  mounting. 

2.  Reduces  strain  on  capacitor  and  chassis. 

3.  Compensates  for  manufacturing  toierances  in 
height  of  case. 


rosion*  resistant  finish  of  lacquered  zinc 
plate  assures  a  good  ground  from 
capacitor  to  chassis.  The  brackets  have 
either  one  or  two  mounting  holes  de¬ 
pending  upon  the  width  of  the  capacitor. 

These  brackets  are  an  exclusive  feature 
on  G-E  capacitors.  Spade-type  and  L- 
shaped  brackets  can  still  be  obtained 
when  desired.  Ask  for  Bulletin  GEA-4357 
for  information  on  the  G-E  capacitors 
that  can  now  be  furnished  with  this 
improved  feature.  Apparatus  Dept., 


In  contrast  with  the  conventional  L- 
shaped  bracket,  this  U-bend  construc¬ 
tion  minimizes  the  stress  on  the  metal 
chassis  and  prevents  distortion  when 
mounting  bolts  are  tightened.  The 
mounting  foot  is  sufficiently  flexible  to 
compensate  for  normal  tolerances  in 
height  of  case,  and  for  variations  in 
dimensions  of  the  bracket  itself. 


CAPACITORS 


The  brackets  are  sufficiently  thick  to  General  Electric  Company,  Schenectady 


provide  strong,  rigid  support.  A  cor-  5,  N.  Y. 


Metal  lacket 


Wire  Windinq  on  Bakelile  Strip 


Molded  Bakelite  Insulation 
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records  the  results.  It  was  devel¬ 
oped  by  J.  L.  Saunderson  and  co¬ 
workers  at  The  Dow  Chemical  Com¬ 
pany  of  Midland,  Mich,  and  has 
been  in  use  in  the  company’s  mag¬ 
nesium  alloying  plant  for  several 
months.  It  has  been  found  that  al¬ 
loy  analyses  can  now  be  made  in  40 
seconds,  a  fraction  of  the  time  re¬ 
quired  when  using  the  standard 


spectrograph.  Up  to  14  elements 
can  be  determined  simultaneously. 

The  substitution  of  an  electronic 
method  of  measuring  the  intensity 
of  spectrum  lines  eliminates  the 
necessity  for  photographic  and  de¬ 
veloping  equipment  and  an  expen¬ 
sive  microphotometer,  and  avoids 
the  errors  commonly  encountered 
due  to  film  variation.  Girl  operators 
can  be  trained  in  one  day  to  use  the 
instrument  efficiently  since  the  en¬ 
tire  operation  is  fully  automatic 
from  the  time  the  metal  samples 
are  placed  in  the  instrument  until 
the  analysis  is  recorded  on  paper. 
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METAL  ANALYSIS 


(continu«d] 


At  Dow  Chomicol.  girl  oporaton  use 
tho  automatically  rocording  tpoctro- 
moter  to  mako  alloy  anolyaos  in  40 
seconds 


An  Ellectronic  Bypass  for 
Measuring  Purposes 


A  CIRCUIT  WHICH  is  applicable  to  any 
measuring  device  in  which  transient 
overload  is  likely  to  occur  during  the 
time  that  measurements  must  be 
made  is  shown  in  Fig.  1. 

This  was  used  in  laboratory  stu¬ 
dies  of  lightning  protective  devices 
where  it  is  usual  practice  to  dis¬ 
charge  a  surge  generator  through 
test  samples  energized  at  the  same 


^Clarostal  Series  MMR  bakelile-insulaled  melal-clad  resistors 
are  definitely  cooler  than  any  other  similar  types,  size  for 
size;  or  putting  it  another  way,  these  resistors  will  dissipate 
MORE  POWER  for  the  same  temperature  rise,  SIZE  FOR  size. 

That's  our  statement.  We  invite  your  own  tests.  Sample  on 
request  if  you  write  on  your  business  letterhead.  Also  detailed 
literature. 


By  Dr.  L.  a.  Finzi 


Lightning  Protection  Engineer 
Weatinghouoe  Electric  Corp. 
Eatt  Pittsburgh,  Pa. 


Here's  where  we  go  on  record: 


BecQus 
resistance  element, 
MMR  RESISTORS 


letal-clad 
T  SERIES 


are 


Terminal  Luq 


Metal  Mounting  Luq 


AEROMATIC  AIRCRAFT 
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ELECTRONIC  BYPASS 


(continued) 


Conventional  Types  or  Specials . . . 

Hundreds  of  switch  problems  are  being  solved 
the  ACRO  way  because  the  ACRO-SNAP  en¬ 
gineering  design  with  its  patented  beryllium 
ROLLING  SPRING  permits  countless  variations  in 
shapes  and  sizes.  With  the  ACRO,  you  can  design 
for  greater  COMPACTNESS  and  longer  life.  Mount 
them  vertically,  horizontally,  or  at  any  angle— 
singly  or  in  multiples.  Pressure  ranges  from 
2  GRAMS  to  1  V4  lbs.  Open  blade,  button,  leaf 
bracket  or  fully  enclosed  types.  Ratings:  10  and 
15  amps,  at  125  volts  A.C.  Circuits:  single  pole, 
normally  open,  normally  closed  and  double 
throw.  Send  us  details  of  your  problem  now  if 
you  want  better  switch  performance  with  prompt 
service. 


time  by  a  large  power  transformer. 
Such  tests  simulate  actual  field  con¬ 
ditions  and  are  of  interest  in  de¬ 
termining  whether  the  device  is  able 
to  quench  the  60-cycle  current  which 
tries  to  flow  to  ground  in  the  path 
opened  by  lightning,  and  whether 
this  quenching  action  is  rapid 
enough  to  prevent  disturbances  in 
the  power  system  after  the  stroke. 

The  artificial  lightning  current, 
though  of  very  short  duration,  may 


1316  SUPERIOR  AVENUE,  CLEVELAND  M,  OHIO 


FIG.  1 — Electronic  by-pass  circuit  ior  pro¬ 
tection  ol  oscillograph.  Dotted  lines 
indicate  connections  to  associated  test 
apparatus 

reach  many  thousand  amperes  while 
the  subsequent  60-cycle  power  cur¬ 
rents  are  sometimes  as  low  as  a  few 
amperes.  This  makes  it  difficult  to 
adjust  the  sensitivity  of  the  current 
element  of  the  magnetic  oscillo¬ 
graph,  so  that  the  loop  mirror  will 
not  be  knocked  out  by  the  impact  of 
the  initial  stroke,  and  yet  record 
appreciable  deflections  for  the  power 
current. 

A  practical  solution  is  offered  by 
the  use  of  the  circuit  of  Fig.  1. 
Through  simple  adjustments  of  the 
various  resistances  and  of  the  bat¬ 
tery  voltages,  either  one  of  the  866 
mercury  vapor  tubes — depending  on 
the  polarity  of  the  surge  stroke — 
becomes  conducting  shortlj^  before 
the  voltage  across  the  measuring 
shunt  Rs  reaches  any  value  danger¬ 
ous  for  the  oscillograph  element.  The 
voltages  in  the  circuit  are  then  con¬ 
trolled  by  the  voltage  drop  of  the 
tube.  The  tube  discharge  may  be 
initiated  in  time  short  enough  to 
provide  sufficient  protection,  even  if 
the  surge  current  rises  towards  its 
crest  in  only  a  few  microseconds. 
On  the  other  hand,  the  tube  ceases 
to  conduct  and  its  controlling  action 
is  removed  from  the  measuring  cir¬ 
cuit  as  soon  as  the  shunt  voltage 
decreases  again  to  values  for  which 
a  normal  recording  operation  is  pos¬ 
sible  without  damage  to  the  instru¬ 
ment. 

Figure  2  shows  how  the  by-pass 
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Stud 


Dutuchabl*  port 


NEW  installation 

method  for 

DZUS 

fastener  STDDS 

CUTS  ASSEMBLY  TIME 

50% 


Grommet 


r 


Stud  Assembly 


Cut-away  view  of  complete  Dsus  assembly 


Shown  cfboTo  ore  the  component 
ports  and  steps  in  the  assembly 
of  the  Dsus  spiral  cam  lastener. 
using  the  newly  designed  grommet 


A  newly  developed  Dzus  grommet 
slashes  installation  procedure 
about  50%.  This  speeds  up  the  as¬ 
sembly  of  Dzus  fasteners  for  mass 
production  operations. 

This  is  the  way  it  works.  Dzus 
fastener  studs  are  placed  in  the 
holes  drilled  or  punched  in  the  ma¬ 
terial  to  be  fastened.  The  grommet 
is  then  slipped  over  the  end  of  the 
fastener  stud  and  flattened  with  a 
single  tool.  All  types  of  Dzus 
fasteners  may  be  installed  in 
this  manner. 

If  you  have  a  fastening  problem 
on  a  hinged  or  removable  part, 
let  a  Dzus  engineer  help  you.  Thete 
is  a  Dzus  fastener  to  meet  every 
requirement. 

*Th«  word  Dzu*  islho  roflistorod  trod* 
mark  of  tho  Dzut  Foitonor  Co.,  Inc 

DZUS  FASTENER  CO.,  INC. 

BABYLON  •  NEW  YORK 

IN  CANADAi  RAILWAY  AND  POWER  ENGINEERING  CORP.,  LTD. 
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WIRE  COMPANY,  inc  ^ 

15  Park  Row,  New  York  City,  New  York 

Aid  cIq  IfU  I^nalnacti  k<yt  i^nainQQti 


ELECTRONIC  RYRASS 


(confinutd) 


intervenes  in  a  test  in  which  power 
currents  with  a  maximum  value  of 
about  32  amperes  follow  in  the  path 
opened  by  a  surge  reaching  its  crest 
in  about  seven  microseconds  and 
decaying  to  half  of  the  crest  value 
in  about  20  more  microseconds.  It 


FIG.  2 — Oscillogram  showiag  operation  of 
protectiTo  circuit  during  a  tost  in  which  an 
orrostor  successfully  interrupts  power 
follow  current 


should  be  noticed  that  no  significant 
record  of  the  surge  can  be  obtained 
by  the  use  of  the  magnetic  oscillo¬ 
graph,  which  is  much  too  slow  for 
such  high  speed  transients ;  thus 
limitation  of  the  initial  impact,  while 
preventing  any  possible  damage  to 
the  oscillograph,  does  not  actually 
deprive  the  record  of  any  valuable 
indication. 

In  Fig.  3  the  by-pass  becomes  use¬ 
ful  in  a  different  way.  In  this  test 
the  arrester  is  not  able  to  quench  the 
power  current,  which  reaches  many 
hundred  amperes  and  flows  to 
ground  through  the  shunt  Rs.  The 
by-pass  then  intervenes  once  more, 
limiting  the  deflection  of  the  oscillo¬ 
graph  element  during  the  time  in 
which  the  power  current  is  too  high 
and  re-establishes  the  normal  instru¬ 
ment  operation  when  the  current 
decreases  to  less  dangerous  values. 

The  circuit  described  is  simple, 
yet  it  is  of  interest  in  a  number  of 
cases  in  which  there  is  need  for 
quick-acting  protection  of  sensitive 


our  national  program 
of  reconversion.  CORWICO  is 
doing  its  best  to  deliver  such  wire  for  civilian  use. 
There's  a  tremendous  job  to  be  done*  and  you  and 
we  will  do  that  job. 
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Tlie  slamming  of  a  door,  particularly 
a  truck  door,  puts  a  terrific  strain  on 
the  materials  which  must  stand  the 
impact  of  this  sharp  contact.  TTie  con¬ 
tact  wedges  and  take-up  units  illus¬ 
trated  are  especially  designed  for  this 
purpose  and  serve  as  an  excellent 
example  of  the  effectiveness  of  a 
metal-plastic  composite. 

Why  Plastics? 

Both  the  sliding  wedges  and  the  con¬ 
tact  members  were  originally  made 
from  either  die-cast  metal  or  graphite- 
impregnated  bronze.  There  are, 
however,  a  number  of  very  definite 
advantages  gained  by  molding  the 
pieces  of  plastic.  For  one  thing,  the 
danger  of  corrosion  is  completely 
eliminated.  Furthermore,  wear  is 
reduced  considerably,  for  neither  the 
metal  nor  the  plastic  tends  to  wear  the 
other.  Then  there  is  the  added  feature 
that  no  finishing  operations  are  neces¬ 
sary  with  the  plastic  pieces  other  than 
the  removal  of  a  slight  flash  or  fin. 


Why  Phenolic  Plastics? 

Because  of  the  wide  range  of  desirable 
properties  which  are  inherent  charac¬ 
teristics  of  all  phenolic  plastics,  one 
from  this  group  was  selected  to  do  the 
job  required  of  these  take-up  units. 
Impact  strength,  for  example,  was  a 
prime  requisite  because  both  the  slid¬ 
ing  wedges  and  the  contact  members 
are  subjected  to  terrific  strain  when 
the  door  is  slammed.  Then  there  is  the 
lubrication  problem.  TTiis  is  automatic¬ 
ally  taken  care  of  by  the  inclusion  of 
graphite  as  a  filler  material  in  the 
phenolic  used.  This  provides  self¬ 
lubrication.  Noise  is  also  reduced,  for 
one  of  the  unusual  properties  of  phen¬ 
olic  plastics  is  non-reverberation. 

Why  Durez  Phenolic  Plastics? 

As  Specialists  in  the  development  and 
production  of  phenolic  plastics  for  the 
past  quarter  century,  Durez  laboratory 
technicians  have  gained  the  rich  back¬ 
ground  necessary  for  maintaining  the 


leadership  of  the  more  than  300  multi- 
propertied  Durez  phenolic  molding 
compounds  available  today.  Manufac¬ 
turers  in  ever>'  field  of  industry  are 
making  it  their  practice  to  look  to 
Durez  phenolics  for  the  plastics  that 
fit  their  jobs. 

Valuable  Assistance  Available 

Our  technicians  can  give  you  a  number 
of  examples  of  effective  metal-plastic 
composites  .  .  .  examples  which  deci¬ 
sively  prove  that  these  two  basic 
materials  can  be  combined  to  make  a 
better  product  .  .  .  combined  to  do  a 
job  more  efficiently  than  could  either 
of  the  materials  used  alone. 

The  competent  advice  of  experienced 
Durez  service  engineers  and  a  wealth 
of  proved  product  development  data 
are  available  at  all  times  io  you  and 
your  custom  molder.  Durez  Plastics  & 
Chemicals,  Inc.,  82  Walck  Road,  North 
Tonawanda,  N.  Y.  txporf  J^ents:  Omni 
Products  Corl>oration,  40  £ast  34th  Street. 
?Jeu’  york  16.  X 
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ELECTRONIC  BYPASS 


FIG.  3 — Operation  of  circuit  during  test  in 
which  arrester  fails  to  interrupt  power 
follow  current 


This  motor  was  the  answer  to  a  customer’s  question  . . 
“Will  you  design  a  totally  enclosed  dual  motor  unit  to 
drive  our  warehouse  trucks?”  Today  Type  5230  motors, 
thousands  of  them,  are  wheeling  industrial  loads.  Such 

engineering  service,  instantly  available,  may  also  solve 
a  difficult  motor  problem  for  you. 


measuring  instruments  against 
surges  or  overloads  where  it  is  neces¬ 
sary  to  restore  the  normal  instru¬ 
ment  operation  as  soon  as  the  cur¬ 
rent  to  be  measured  falls  back  within 
the  limits  of  the  instrument  range. 


ELECTRICAL 

Series,  shunt,  or 
compound-wound 
Unidirectional  or  reversible 
Optional  torque 
Optionol  speed 
Optimum  efficiency 
For  control  circuits 
Electric  braking  optional 

MECHANICAL 

Ventilated  or 
enclosed  types 
Base  or  flange  mounting 
Operation  in  any  position 
Low  space  factor 
Ball  bearing  equipped 
Optional  shaft  details 
Rugged  construction 


5230 

CowP®’**’^ 


5220 

Shunt 


frame  motors 


Output,  Con. 
Torque  at  3S 
Torque  ot  t< 
Lock  Torque 
Volts  input 
VoHs  input 
Diameter 
Length  less 
Shaft  Dio. 


In  thii  AACS  control  tower  at  an  Army 
base,  the  WAC  signals  a  plane  with  a 
light-gun  suspended  from  the  ceiling,  or 
by  radio  with  the  microphone  on  the 
console.  Night  lighting  controls  are  un¬ 
der  her  left  arm.  and  on  her  right,  five 
radio  receivers  standby  on  five  frequen¬ 
cies.  A  frequency  meter  on  top  of  the 
receiver  rack  permits  accurcrte  returning 
of  the  receivers  after  adiustment  to  pick 
up  aircraft  calling  slightly  off  frequency 


Weight 
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NOW  READY,  .  to  supply  your  rectifiers  and 
thyratrons..any  quantity  on  short  notice! 

The  CHATHAM  line 


HIGH 

VACUUM 


CHATHAM  quality-built  rectifiers  and 
thyratrons  are  now  available  in  all  types 
—High  Vacuum,  Mercury- Vapor, 
Xenon  and  Argon  Gases — for  fast  de¬ 
livery  in  quantity.  Anticipated  demand 
for  near  future  requirements  indicates 
tightening-up  in  supply.  For  this 
reason,  early  inquiries  are  suggested 
where  large  scale,  ”on  time”  deliveries 
are  desired.  When  required,  special 
types  can  be  produced  to  specification. 


is  a  direct  result 
of  channelized  engineering  and  manu¬ 
facturing  in  the  rectifier  field.  All 
popular  types  for  electronic,  industrial 
and  communication  applications  are  in¬ 
cluded.  Because  CHATHAM  skill  is 
confined  to  tubes  in  a  specific  category, 
product  quality  is  exceptionally  high. 
Each  tube  incorporates  features  that  in¬ 
crease  life  and  functional  efficiency. 
Write  today  for  detailed  information. 


MFRCURY 

VAPOR 


XENON 


ARGON 

GAS 


475  WASHINGTON  STREEL  NEWARK  2,  NEW  JERSEY 
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TUBES  AT  WORK 


New  btenna  Type  for  F-M  and  Facsimile .  204 

New  Modulator  Tube  lor  Frequency  Modulation. . . .  204 

Static  D-F  Reveals  Storm  Location .  212 

Artificial  Radar  Target .  214 

High-Power  Military  Sound  Systems .  216 


New  Antenna  Type  for  F-M  and  Facsimile 


A  SINGLE-UNIT  antenna  that  has  gain 
over  a  half  wave  has  been  installed 
atop  a  New  York  City  building  for 
f-m  facsimile  station  WGHF,  owned 
by  Captain  W.  G.  H.  Finch.  The  gain 
is  obtained  by  using  a  bent  metal 
sheet  along  which  the  wavelength  is 
longer  than  the  wavelength  in  space 
so  that  the  radiation  comes  from  a 
long  vertical  column.  This  results  in 
a  concentration  of  radiation  toward 
the  horizon  where  it  is  desired,  with 
less  power  being  radiated  into  the 
sky  and  the  area  immediately  adja¬ 
cent  to  the  antenna. 

As  the  illustration  shows,  the  new 
antenna  resembles  a  skyrocket.  It 
was  designed  by  Dr.  Andrew  Alford, 


Skyrocket  antenna  installation  ior  station 
WGHF  ior  transmission  of  f-m  and  facsimile 
signals 


past  chairman  of  the  antenna  com¬ 
mittee  of  IRE.  The  tip  of  the  mast  is 
about  700  feet  above  sea  level  and 
the  antenna  is  expected  to  adequately 
cover  about  6,840  square  miles  of  ter¬ 
ritory  over  a  radius  of  50  miles  from 
New  York.  Only  one  seal  insulator 
is  used  on  the  antenna  because  the 
input  impedance  is  relatively  low  so 
that  the  insulation  is  not  subjected 
to  high  voltages. 

When  the  station  is  placed  in  op¬ 
eration,  both  canned  and  live  musical 
programs  will  be  transmitted  by  f-m 
from  studios  on  the  top  floor  of  the 
building.  It  is  planned  to  transmit 
every  hour  a  five-minute  facsimile 
broadcast  that  will  consist  of  five 
sheets  of  news  on  paper  about  by 
11  inches  in  size.  As  the  number  of 
home  models  of  facsimile  receiving 
equipment  in  use  increases,  it  is 
planned  to  devote  longer  periods  of 
time  to  such  broadcasts  . 

The  installation  of  the  station  was 
planned  before  our  entrance  into  the 
war  but  construction  was  delayed 
until  Capt.  Finch  returned  from  his 
duties  as  head  of  Radio  Counter 
Measures;  Research  and  Design  of 
the  Electronics  Division  of  the  Bu¬ 
reau  of  Ships. 


New  Modulation  Tube  for  Frequency 


All  new  General  Electric  f-m 
transmitters  employ  a  recently  devel¬ 
oped  modulator  tube  called  a  Phasi- 
tron  that  makes  possible  the  intro¬ 
duction  of  comparatively  wide  phase 
excursions  at  audio  rates  in  a  crys¬ 
tal-controlled  r-f  carrier  voltage. 
The  audio  response  characteristic 
of  the  circuit  is  such  that  the  out¬ 
put  of  the  tube  is  wide-swing  fre¬ 
quency  modulation. 

A  schematic  block  diagram  of  a 
typical  transmitter  using  the  new 
tube  is  shown  in  Fig.  1.  With  this  cir¬ 
cuit  and  tube,  transmitter  mainte¬ 
nance  is  said  to  be  simplified  and 
fewer  tubes  and  simpler  circuits  are 
used  than  in  prewar  f-m  transmit¬ 
ters.  Direct  crystal  control  is  done 
using  a  single  crystal,  modulation  is 
independent  of  frequency  control, 
and  better  frequency  stability  is 
provided. 

The  structure  of  the  Phasitron  is 
shown  in  Pig.  2  and  the  electrodes 
are  arranged  as  shown  in  simplified 
form  in  Fig.  3.  Anodes  1  and  2  are  at 
positive  d-c  potential  and  attract  elec¬ 


trons  from  the  cathode.  Two  focus 
electrodes  form  these  electrons  into 
a  tapered,  thin  edge  disc.  This  disc 
with  the  cathode  for  its  axis  lies  be¬ 
tween  the  neutral  plane  and  the  de¬ 
flector  grid  structure  and  extends 
out  to  anode  1. 

The  deflector  grid  consists  of  36 
separate  grid  wires  lettered  A,  B, 


Modulation 

and  C  in  Fig.  3.  All  of  the  A  wires 
are  connected  together,  all  of  the  B 
wires  are  connected  together  and  all 
of  the  C  wires  are  connected  to¬ 
gether.  An  expanded  view  of  this 
grid  structure  and  the  neutral  plane 
is  shown  in  Fig.  4. 

The  output  of  a  crystal-controlled 
oscillator  (crystal  frequency  =  car- 


Fig.  1 — Block  diagram  of  the  exciter  unit  of  an  f-m  transmitter  using  the  Phasitron  tube 
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wherever  a  tube  is  us 


GUARDIAN^  ELECTRIC 

1625-B  W.  WALNUT  STREET  CHICAGO  12.  ILLINOIS 

A  COMPLETE  LINE  OF  RELATE  SERVING  AMERICAN  INDUSTRY 
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THERE’S  A  JOB  FOR 


Series  R-100  H.  F.  Relay 
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BY  GUARDIAN 


"iK  Thf  '*Magic  Door"  mode  by  Tho  Stanley  Works  of  New  Britain,  Conn.,  uses  a  General 
Electric  control  unit  which  operates  automatically  at  the  approach  of  a  pedestrian  or 
vehicle.  In  this  unit  a  beam  of  light  focused  on  the  cathode  of  a  phototube  causes  a 
tiny  current  to  flow.  Enlarged  through  an  amplifier  tube  this  current  operates  a  sensi¬ 
tive  telephone  type  of  relay  such  as  the  Guardian  Series  405.  Another  phototube  with 
an  auxiliary  relay.  Guardian  Series  R-100,  is  employed  to  hold  the  doors  open  for 
anyone  standing  within  the  doorway. 

The  telephone  type  of  relay  is  extremely  sensitive  and  able  to  operate  on  the  small 
current  supplied  through  the  electronic  circuit.  The  auxiliary  relay.  Series  R-100,  is 
required  to  handle  a  greater  current.  It  is  a  small,  efficient  relay  having  a  contact 
capacity  up  to  1  KW  ot  frequencies  up  to  and  including  28  megacycles.  Contact  com¬ 
binations  range  up  to  double  pole,  double  throw.  Standard  coils  operate  on  1 10  voHs, 
60  cycles,  and  draw  approxinMrtely  7  V.  A.  Coils  for  other  voltages  are  available. 
For  further  information  write  for  Bulletin  R-6. 

Consult  Guardion  whenever  a  tube  is  used — however — Relays  by  Guardian  are  NOT 
limited  to  tube  applications  but  are  used  wherever  automatic  control  is  desired  for 
making,  breaking,  or  changing  the  characteristics  of  electrical  circuits. 


PHOTO-EIKTRIC  DOOR  CONTROl 
Above  unit  monufacturod  by 
Ganoral  Elactric  Co.,  is  a  part  of 
STANLEY  **MAOIC  DOOR" 
CONTROLS. 


Series  405  Telephone  Typo  Relay 


Fig.  2 — Mounting  oi  the  electrodes  in  the 
phasitron 


Send  for  new  catalog 
about  Haydoneered 

Timing . 

It  is  crammed  with 
useful  information. 
Address  Dept: — E 


phase.  This  three-phase  voltage  is 
applied  to  the  deflector  grid  as  shown 
in  Fig.  4.  Phase  A  connects  to  the 
grid  wires  marked  A,  phase  B  to  the 
B  wires,  and  phase  C  to  the  C  wires. 


If  your  plans  call  for  a  product  with  movement 
requiring  regulation,  you  can  turn  to  Haydon 
Timing  Devices  with  complete  confidence.  Years 
of  dependable  performance  in  peacetime  and  war¬ 
time  production  have  earned  for  Haydon  Timing 
Devices  recognition  of  leadership. 

Now  measuring  and  motivating  thousands  of 
functions  geared  to  war,  Haydon  Timing  Devices 
will  find  even  wider  scope  in  the  industrial  world 
of  peacetime. 


Theory  of  Operation 

Figure  4  shows  the  deflecting  ac¬ 
tion  on  the  disc  of  electrons  passing 
between  the  deflector  grid  and  the 
neutral  plane.  At  ipstant  1,  grid 


CATHOOe 


FOCUS  ELECTROOe*  I 


FOCUS  ELECTRODE*  2 


1  r  1 

Ht  HAYDONEERED  TIMING 


neutral  plane 


ANOOE*  ) 


deflector  grid 


Fig.  3 — Placement  of  electrodes.  The  de¬ 
flector  grid  contains  36  separate  wires 
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wires  A  are  positive  with  respect  to 
the  neutral  plane  while  grid  wires  B 
and  C  are  negative.  This  results  in 
deflection  of  the  electron  disc  as 
shown  in  Fig.  4.  Shown  in  perspec- 


(contloutd) 


gn  fabricaU 

^ktenna  tov^ers 


Station  Engineers  take  a  load 
off  their  shoulders  when  their 
antenna  problem  is  turned 
over  to  Blaw-Knox. 

Thousands  of  installations, 
ranging  from  66  ft.  to  1000 
ft.,  are  ample  proof  that  you 
can  rely  on  Blaw>Knox  for 
complete  responsibility  in 
the  rabrication  and  erection 
of  complete  antenna  systems. 

BLAW-KNOX  DIVISION 

•f  MawvKnox  Company 
son  rARMnS  RANK  lUILDINO 
RimiUROH,  M. 


VERTICAL 


BLAW-KNOX  RADIATORS 


TUIE  FOR  F-M 


immiMWi 


1 


Fig.  4 — ^Doflocting  action  of  tho  grid  wires 

on  tho  disc  of  oloctrons 

tive  the  disc  would  appear  as  in  Fig. 

5.  At  instant  2,  one-third  of  a  cycle 
later,  grid  wires  B  are  positive  and 
wires  A  and  C  are  negative.  The  re¬ 
sulting  deflection  would  be  as  shown 
at  instant  2,  Fig.  4.  The  serrated 
edge  of  the  disc  would  appear  to 
have  moved  the  space  of  one  grid 
wire  during  the  time  interval  be¬ 
tween  instant  1  and  instant  2.  With 
the  three-phase  voltage  applied  to 
the  deflector,  the  disc  shown  in  Fig. 
5  appears  to  be  rotating. 

Figure  6  shows  a  developed  view 
of  a  portion  of  anode  1.  This  anode 
has  24  holes  punched  in  it,  twelve 
above  the  plane  of  the  electron  disc 
and  twelve  below.  The  rotating  ser¬ 
rated  edge  of  the  electron  disc  im¬ 
pinges  on  this  series  of  holes.  At  an 
instant  when  the  disc  edge'  is  lined 
up  as  shown  by  the  solid  line  in  Fig. 

6,  most  of  the  electrons  pass  on 
through  to  anode  2.  Half  a  cycle 
later,  the  edge  of  the  disc  has  moved 
on  to  the  position  shown  by  the  dot¬ 
ted  line  in  Fig.  5.  At  this  instant, 
few,  if  any,  electrons  get  through  to 
anode  2.  Thus,  the  current  flowing  to 
anode  2  varies  sinusoidally  at  the 
crystal  frequency  and  any  variation 
in  the  angular  velocity  of  rotation  of 
the  electron  disc  will  result  in  phase 
and  frequency  variation  in  this  out¬ 
put  current. 

Method  of  Modulation 

A  coil  is  placed  around  the  tube 
so  that  its  magnetic  fleld  is  perpen¬ 
dicular  to  the  plane  of  the  electron 
disc.  The  electrons  travelling  radi¬ 
ally  out  from  the  cathode  toward  the 
anodes  through  this  field  have  a 
force  exerted  on  them  in  a  direction 
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IHSIM  MOl-OtO  IH 


THE  NATIONAL  SCREW  &  MEG.  CO.,  CLEVELAND  4,  Q 


The  tendency  of  fastenings  to  work  loose  under 
vibration  or  torque  is  overcome  "by  the  Rosan 
Locking  System  for  inserts  and  studs,  now  made 
by  National  Screw  &  Mfg.  Co. 

Rosan  Fasteners  may  be  molded  in,  or  easily 
installed  in  plastic  parts  after  forming.  The  entire 
design  is  based  on  a  simple  serrated  ring  which 
locks  either  an  insert  or  stud  in  position,  and  so 
prevents  loosening  or  turning  by  any  stresses  on 
the  connecting  unit. 

Securely  locked  in  place,  a  Ros^in  Fastener  gives 
a  long  wearing,  high  strength  tapped  hole  or  a 
firmly  anchored  projecting  stud.  It  can  be  removed 
by  drilling  without  disturbing  the  parent  material. 

Send  for  samples  and  full  information  on  these 
revolutionary  new  fasteners,  already  adopted  by 
leading  aircraft  companies  and  other  industries. 


(Patents  issued  and  pendint,  V.  S.  A.  and  foreign  coimtries) 
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LOUD  SPEAKERS 


From  V2  oz.  to  over  30  lbs.  .  .  .  and  from  start 
to  finish  .  .  .  Arnold  manufactures  better  Alnico 
permanent  magnets  for  loud  speakers.  They 
are  now  available  for  all  civilian  applications, 
and  include  the  proposed  Radio  Manufac¬ 
turers  Association  standard  speaker  magnets 
in  •Aln.ico  V. 


The  speaker  magnets  illustraled  above  are  rep¬ 
resentative,  yet  are  just  one  type  of  permanent 
magnets  described  in  the  new  24-page  Arnold 
bulletin,  ‘‘Permanent  Magnets  for  Industry.” 


WRITE  TODAY 

FOR  THIS  NEW  BULLETIN 


on  your  company  letterhead 


The  Arnold  Fngineering  Fompanv 


147  EAST  ONTARIO  STREET,  CHICAGO  11,  ILLINOIS 

Specialists  in  the  manufacture  of 
A'LNICO  PERMANENT  MAGNETS 


perpendicular  to  their  path  and  per¬ 
pendicular  to  the  direction  of  the 
magnetic  field.  Thus,  an  angular  dis¬ 
placement  is  introduced  in  the  rota¬ 
tion  of  the  electron  disc,  causing 
phase  shift  in  the  output  current  as 
explained  above. 


Fig.  5 — Appearance  of  the  electron  disc  if 
it  were  made  visible 


Audio-frequency  current  flowing 
in  this  coil  causes  audio-frequency 
angular  displacements  to  be  superim¬ 
posed  on  the  rotation  of  the  electron 
disc.  Thus,  we  obtain  audio-fre¬ 
quency  phase  shifts  in  the  output 
current  (anode  2  current).  This  cur¬ 
rent  flowing  through  a  load  imped¬ 
ance  develops  a  phase-modulated  ra¬ 
dio-frequency  voltage  whose  average 
frequency  is  that  of  the  crystal. 

If  a  d-c  voltage  is  applied  to  the 
coil,  the  magnetic  field  set  up  intro¬ 
duces  a  fixed  angular  displacement 
in  the  rotation  of  the  electron  disc, 
which  then  continues  rotating  at  the 
same  rate.  Therefore,  we  have  direct 
crystal-controlled  phase  modulation. 


Analogy 

The  modulation-induced  angular 
phase  displacement  of  the  rotating 
electron  disc  can  be  compared  with  a 
similar  action  which  is  characteris¬ 
tic  of  a  rotating  synchronous  ma¬ 
chine.  At  no  load,  the  synchronous 
machine  rotor  is  aligned  with  the 
three-phase  rotating  magnetic  field 
of  the  stationary  armature  winding. 
However,  the  external  application  of 
load  results  in  a  displacement  of  this 
alignment  in  direction  and  amount 
determined  by  the  load.  Neverthe¬ 
less,  for  any  normal  load  the  steady- 
state  rotor  speed  remains  constant. 

The  modulation  coil  is  driven  by 
a  push-pull  voltage  amplifier  tube. 
That  is,  the  amplitude  of  the  audio 
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PRESTO’S  newest  turntable  . . .  for  highest  quality  master 
or  instantaneous  recordings.  The  8-D  features  instan¬ 
taneous  change  of  cutting  pitch.  An  improved  cutting  head 
provides  higher  modulation  level,  more  uniform  frequency 
response  and  retains  its  calibration  under  all  normal 
temperature  conditions. 

The  heavy  cast-iron  turntable  and  mounting  base  insure 
exceptionally  low  background  noise.  Adjustable  feet  permit 
accurate  leveling  on  bench  or  stand  at  a  height  to  suit 
the  operator. 


The  belt  on  step  pulleys  slips  instantly  to  any 
position  to  set  cutting  pitch  at  96-104-112-120- 
128  or  136  lines  per  inch.  Other  pitches  available 
on  special  order. 


PRESTO 


RECORDING  CORPORATION 

242  West  55th  Street,  New  York  19,  N.  Y. 

Walter  P.  Downs,  Ltd,,  in  Canada 

WORID’S  LARGEST  MANUFACTURER  OF  INSTANTANEOUS  SOUND  RECORDING  EQUIPMENT  AND  DISCS 
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Fig.  6 — Arrangammit  of  tho 
punchod  In  cmodo  1 


voltage  across  the  coil  is  constant 
with  varying  audio  frequency.  This 
means  that  the  current  flowing 
through  the  coil  decreases  with  in¬ 
creasing  audio  frequency  because  the 
coil  is  almost  a  pure  inductance  over 
the  audio  range.  The  magnetic  field 
strength,  and  thus  the  phase  swing 
of  the  output  current,  therefore  de¬ 
creases  (6  db  per  octave)  with  in¬ 
creasing  modulation  frequency,  ef¬ 
fectively  providing  frequency  modu¬ 
lation. 

The  tube  was  proposed  originally 
by  Dr.  Robert  Adler  of  Zenith  Radio 
Corporation  of  Chicago,  Illinois.  In 
the  development  of  the  tube  and  cir¬ 
cuit,  basic  ideas  were  contributed  by 
Dr.  F.  M.  Bailey  and  Mr.  H.  P. 
Thomas  of  General  Electric’s  elec¬ 
tronics  department. 


PAMCL  IMSmUMEHTS 


Static  D-F  Reveals  Storm 
Location 

A  DIRECTION  FINDER  that  gives  the 
location  of  distant  storm  centers  has 
been  announced  by  the  War  Depart¬ 
ment.  Major  General  Harry  C. 
Ingles,  Chief  Signal  Officer  of  the 
Army,  lifting  secrecy  restrictions 
that  had  limited  disclosure  of  in¬ 
formation  on  the  equipment,  ex¬ 
plained  that  the  system  “has  formed 
the  basis  for  a  new  field  of  meteor¬ 
ology  known  as  spherics,  a  contrac¬ 
tion  of  atmospherics.” 

The  spherics  detector  consists  es¬ 
sentially  of  two  stationary  loop  re¬ 
ceiving  antennas  at  right  angles  to 
each  other;  an  amplifying* system; 
and  an  oscilloscope.  The  amplified 
static  impulses  are  applied  to  the 
plates  of  cathode-ray  tube  to  form 
corresponding  flashes  on  its  screen. 

The  position  of  the  flash  indicates 
the  direction  of  the  static  source, 
and  the  circumference  of  the  face  is 
calibrated  to  facilitate  determina¬ 
tion  of  the  compass  direction.  When 
the  precise  direction  of .  the  static 


Burlington  Panel  Instruments  are  designed  and  built  to  give 
dependable  service  with  guaranteed  accuracy.  They  are 
available  in  a  complete  line  of  AC  or  DC  Ammeters,  Volt¬ 
meters,  Milliammeters,  and  Microammeters.  The  'wide  selection 
of  sizes  and  case  styles  ofiFer  instruments  that  are  ideal  for 
your  particular  application. 

Write  today  for  full  details  —  our  engineers  will  recom¬ 
mend  the  precisior.  Burlington  Instruments  required  to  solve 
your  instrument  problems. 

BURLINGTON  INSTRUMENT  CO. 

'  V  106  Fourth  St.,  BURLINGTON,  IOWA 


PANEL  INSTRUMENTS  •  VOLTAGE  REG 
ULATORS  •  AUTOMATIC  SYNCHRO¬ 
NIZERS  •  FREQUENCY  REGULATORS 
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4  Times  ActuoT  Size 


lll.liAO  lltAH***'**'©* 

Greotor  Signal  Strengfli 

Low-Loss,  High  Efficiency 
Tops  in  Weather  Resistance 


SLiCTRICAL  DATA 

Amph«aol  *Twiii-LMd''  Tranamitsion  Line  it 
available  in  300  ohm  impedance  value.  RMA 
ttandaidised  on  300<ohm  lead>in  line  tat  Tele* 
vision  as  the  most  efficient  over  broadband 
operation. 

:S09(i)5P  Amphenol  also  supplies  150  ohm  tvrindead  to 
those  interested  in  particular  applications  and 
experimental  work. 

Designed  especially  tor  amateurs  who  operate 
in  very  narrow  bands  ol  frequency  or  one  par* 
ticular  frequency.  Ideal  for  dipoles  with  a 
.  nominal  impedance  of  72  ohms  at  the  frequency 

for  which  they  are  cut. 

Dielectric  constant  of  Polyethylene — 2.29.  Capacities  (mmf 
per  ft.):  "300"-5.8;  *'150'^— 10;  "75"— 19. 

Velocity  of  propagation  (approx.):  "300" — 82%;  "150"—* 
77%;  '75"-e9% 

Power  factor  of  Polyethylene — up  to  1000  Me — .(X)03  to 
.00045.  Attenuation-*FM  and  Television  Band. 

300*elrai  150*olini  75*oIim 

Meiecycles  DB  per  100  R.  DB  par  100  ft.  DB  par  100  R. 

25  0.77  0.9  .  1.7 

30  •  0.88  1.03  2.0 


Amphenol's  *^win-Lead"  is  a  solid  dielectric 
line  that  transmits  signals  from  antenna  to  FM 
and  Television  receivers  with  extremely  low 
loss.  It's  tough  .  .  .  inexpensive  .  .  .  eetsy  to 
install  .  .  .  repels  water  .  .  .  and  is  unedfected 
by  acids,  alkalies  and  oils  because  the  dielectric 
is  Amphenol  Polyethylene. 

In  temperatures  as  low  as  — 70°F.  Twin-Lead 
Transmission  Line  stays  flexible  and  does  not 
become  brittle  after  continuous  aging  in  sun¬ 
light.  In  such  outstanding  qualities  Amphenol's 
"Twin-Lead"  is  a  wire  of  exceptional  efficiency, 
life  and  utility. 

AMERICAN  PHENOUC  CORPORATION 

Chicago  50,  Illinois 

In  Canada  •  Amphenol  Limited  •  Toronto 


U.  H.  F.  Cables  and  Connectors  •  Conduit  •  Fittings 
Connectors  (A-N,  U.  H.  F.,  British)  •  Cable  Assem¬ 
blies  •  Radio  •  Antennas  *  Plastics  for  Industry 
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Semi-tubular 

RIVETS 

Rivet-setting 

MACHINES 


Beside  the  Double 
Spindle  machine  illus¬ 
trated,  there  are  other 
models,  single  spindle 
machines— all  of  which 
may  be  RENTED  for 
seasonal  or  limited  use. 


Paste, 

PQVxpk 


PNtNc 
^Ekt 


Time  checks  on  products  as  diverse 
as  wrist  watches  and  automobiles 
have  repeatedly  proved  that  Milford 
equipment  spurs  fastening  opera¬ 
tions.  Flattens  costs  to  a  shadow  of 
what  they  were. 

Should  Milford  semi-tubular  rivets 
not  seem  practical  on  a  *  particular 
assembly,  Milford  engineers  can  often 
suggest  an  inexpensive  change  that 
assures  the  savings  from  rivet-fast¬ 
ened  assemblies. 

Moreover,  Milford  also  designs 


and  manufactures  special  small  metal 
fasteners  in  endless  variety  to  meet 
every  fastening  need  and — because  of 
Milford’s  specialized  experience  and 
equipment — usually  at  most  attract¬ 
ive  savings.  For  quotations,  send  sam¬ 
ple  or  blueprint. 

But  first,  see  if  Milford  semi-tubu¬ 
lar  rivets  (which  show  even  greater 
savings)  won’t  speed  your  fastening 
operations.  Send  your  product  for 
study  and  suggestions  by  Milford 
engineers. 


THE  MILFORD  RIVET  &  MACHINE  CO. 

859  Bridgeport  Ave.  1002  West  River  St. 

MILFORD,  CONN.  ELYRIA,  OHIO 


Inquiries  may  also  ba  eddrassmd  to  our  subsidiary: 


THE  PENN  RIVET  &  MACHINE  CO.,  PHILADELPHIA  3,  PENNA.- 


Dasignars  and  Manufacturars  of:  SPECIAL  COLD-HEADED  PARTS;  SPLIT,  SEMI-TUBULAR  AND  D^|P* 
DRILLED  RIVETS;  RIVET-SETTING  MACHINES:  SPECIAL  AAACHINE  SCREWS  AND  SCREW  MACHINE  PARTS. 


STORM  LOCATION 


(continuad) 


source  is  known  in  relation  to  two 
or  more  such  receivers,  the  location 
of  the  disturbance  may  readily  be 
plotted  on  a  map  by  means  of  tri¬ 
angulation. 

A  spherics  network  covering  the 
western  portion  of  the  northern  At¬ 
lantic  Ocean  has  existed  since  June 
23,  1944,  and  this  service  is  credited 
with  having  contributed  materially 
to  the  safety  of  air  flights  over  the 
Atlantic.  The  three  initial  stations 
in  this  system  are  located  at  the 
Signal  Corps  laboratory  near  Red 
Bank,  New  Jersey;  the  University 
of  Florida  at  Gainsville,  Florida; 
and  on  the  island  of  Bermuda.  A 
fourth  station,  near  St.  Johns,  New¬ 
foundland,  was  later  added. 

A  program  of  aerial  reconnais¬ 
sance  was  conducted  over  the  North 
Atlantic  for  several  months.  Two 
B-17  bombers,  fitted  with  weather 
equipment  and  manned  by  specially 
trained  crews,  made  regular  flights 
with  weather  observers  recording  all 
meteorological  phenomena  every  15 
minutes  during  flight.  In  the  course 
of  50  flights;  81  percent  of  all  spheric 
data  compiled  by  the  network  were 
verified  by  significant  weather  with¬ 
in  100  miles. 

Additional  spherics  netw'orks  were 
later  established  for  the  Mediter¬ 
ranean  and  the  Western  Pacific.  Gen¬ 
eral  Ingles  reported  that  the  spherics 
program  is  continuing  as  one  of  the 
Signal  Corps’  peacetime  research 
and  development  projects. 

The  spherics  detectors  currently 
used  are  based  upon  a  design  devel¬ 
oped  by  physicists  at  the  University 
of  Florida.  They  have  a  dependable 
range  of  2,000  miles  and  are  accu¬ 
rate  to  within  two  degrees. 

•  •  • 

Artificial  Radar  Target 

An  artificial  target  for  the  Ger¬ 
man  Wurzburg  radar  sets  is  shown 
in  the  illustration.  A  normal  radar 
pulse  is  transmitted  by  the  Wurz¬ 
burg  set  under  consideration  and 
this  pulse  is  picked  up  by  a  simple 
dipole  antenna  placed  on  a  pole  20 
or  30  yards  from  the  set. 

The  pulse  is  fed  from  the  dipole 
into  a  simple  crystal  detector  along 
with  the  signal  from  a  local  oscil¬ 
lator.  The  intermediate  frequency 
of  25  megacycles  from  this  crystal 
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IMAGINE  a  circuit  element  that  violates 
Ohm’s  Law.  One  that  exhibits  polarized 
non-linear  current-voltage  characteristics. 

Such  an  element  has  now  been  made 
commercially  available  for  the  first  time 
.  .  .  Sylvania  Electric’s  1N34  Gx  metal 
Crystal  Diode.  This  tiny  unit  (shown  full 
size  in  illustration)  opens  up  many  in¬ 
teresting  potentialities  in  circuit  design. 
Withstanding  relatively  high  voltages,  it 
is  extremely  useful  as  a  circuit  element. 

Light  in  weight  and  equipped  with 
pigtail  leads,  it  is  conveniently  soldered 
into  place  ...  no  sockets  required.  No 
heater  supplies  are  needed  —  eliminating 
hum  and  noise,  permitting  both  termi¬ 
nals  to  be  connected  far  above  ground 
potential. 

The  1N34  Diode  gives  superior  per¬ 
formance  at  high  frequencies  and  with 
low  values  of  load  resistance. 


Surge  Current  200  mo.  mox. 

Bock  Conduction  at  50  volts  2  oiOvniax. 

(Sui^e  current  refers  to  transient  values;  peak 
current  refers  to  the  maximum  value  of  an 
applied  AC  signal.) 


Where  Can  You  Use  an  Element 
Like  This? 

Among  the  expected  applications  of  the 
1N34  Diode  are:  DC  restorers  in  televi¬ 
sion  receivers;  frequency  discriminators 
in  FM  sets;  peak  limiters;  video  detectors; 
meter  rectifiers;  bias  rectifiers;  modula¬ 
tors  and  demodulators. 

Perhaps  you  can  see  many  other  ways 
in  which  you  can  put  this  revolutionary 
circuit  element  to  work.  We’ll  be  glad  to 
send  you  further  technical  information  to 
assist  you  in  planning  applications,  and  to 
discuss  specific  uses  with  you. 


SYLVAN  I AV  ELECTRIC 

Elei'tronics  .  .  .  500  Fifth  Avenue,  New  York  18,  N.  Y. 


MAKERS  OF  ELECTRONIC  DEVICES;  RADIO  TUBES;  CATNOOE  RAY  TUBES;  FLUORESCENT  LAMPS.  FIXTURES.  WIRING  DEVICES;  ELECTRIC  LIGHT  BULBS 
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Today’s  New  Trend  is  toward 
Webster  Electric  Pickups 


WEBSTER  Electric  Pickups  have  won  their 
present  position  of  pronounced  preference 
among  those  who  make,  sell  and  own  radio- 
phonograph  combinations  because  of  their  su¬ 
perb  performance. 

These  fine  quality  pickups  are  precision-built  to 
meet  the  highest  standards  of  tonal  beauty  in  rec¬ 
ord  reproduction.  Sensitive,  delicate,  responsive 
. .  .  they  cover  the  entire  range  of  vocal  and  or¬ 
chestral  tone  with  unsurpassed  clarity  and  fidel¬ 
ity.  Despite  a  constantly  increasing  demand  for 
Webster  Electric  Pickups  and  Cartridges,  each 
one  must  meet  the  most  rigorous  inspection  tests 
before  it  leaves  the  factory. 

If  you  have  not  already  standardized  on  Webster 
Electric  Pickups  for  your  present  or  planned  line 
of  fine  radio-phonograph  combinations,  we  urge 
you  to  consult  with  us  on  your  needs  without 
delay.  Write  us  direct. 


(Lieemstd  under  paienis  of  Ike  Brush 
Development  Company) 


WEBSTER 
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Quality  is  a  Responsibility  and  Fair  Dealing  an  Obligation" 


RADAR  TARGET  (conl’nu«4) 

is  sent  down  a  glass  rod  as  a  me¬ 
chanical  vibration,  and  is  reflet  ted 
from  the  far  end  of  the  rod  back  to 
the  crystal  detector.  Here  it  is  con¬ 
verted  upon  combination  with  the 
local  oscillator  output  to  the  carrier 
frequency  of  the  Wurzburg  and  re¬ 
transmitted. 


Artificial  target  for  German  Wurzburg  ra¬ 
dar  eet.  The  time  delay  caused  by  the 
round  trip  of  a  mechanical  ware  along  the 
glass  rod  simulates  passage  of  a  radar 
pulse  through  a  much  greater  distance  in 
space 


On  the  circular  range  sweep  of 
the  Wurzburg  there  appears  the  echo 
pulse  at  a  time  delay  corresponding 
to  the  total  round  trip  time  to  travel 
to  the  antenna  and  down  the  glass 
rod  as  a  mechanical  wave  and  back 
again.  Due  to  multiple  reflection  of 
the  wave  in  the  glass  rod,  there  are 
several  return  pulses  received  on  the 
Wurzburg.  These  pulses  can  be 
used  to  line  up  the  Wurzburg  and 
also  calibrate  the  range  sweep. 

An  interesting  technical  problem 
arose  in  the  development  of  these 
glass  rods.  It  was  found  that  the 
circular  cylindrical  walls  of  the  glass 
rod  reflected  energy,  thus  permitting 
many  paths  of  varying  time  value 
in  the  glass  resulting  in  ‘‘grass”  on 
the  range  sweep.  To  make  the  walls 
non-reflecting,  powdered  glass  of  the 
same  composition  as  the  glass  rod 
was  sintered  around  the  rod. 

•  •  • 

High-Power  Military 
Sound  Systems 

Details  of  some  of  the  high-power 
sound  equipments  designed  for  mil¬ 
itary  purposes  have  been  released 
recently.  One  of  these  is  a  beach- 
master  announcing  system  that  is 
capable  of  creating  a  sound  level 
of  speech  on  an  axis  at  a  distance 
of  30  feet  from  the  loudspeaker 
about  116  db  above  the  reference 
level  of  0.000204  dyne  per  square 
centimeter.  The  major  part  of  the 
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MILITARY  SOUND  SYSTEMS 
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VANATTA 


THERMOSTA 

Sound  Equipment  Corp.of 


IDEAL  FOR  RADIO  WORK! 
KWIKHEAT  SOLDERING  IRON 


ITSEIF 


'lAr  Weighs  only  14  ozt* 
'A'  ^25  Wotts  —  Powerful! 
^  Heats  in  only  90  Seconds 


S  INnRCHANGEABLE 
TIPS 


Only  the  Kwikheat  has. , , 

Built-in  Thermostatic 

Heat  Centrol  . . .  Check  the  exclusive 

advantages  that  put  the  Kwikheat  Soldering  Iron  in  a 
class  hy  itself  ...  it's  HOT,  ready  to  use  only  90  seconds 
after  plugging  in.  Saves  time.  The  huilt-in  thermostat 
keeps  the  Kwikheat  Iron  at  correct  temperature  for 
most  efficient  work — can't  overheat — saves  re-tinning 
time.  Powerful,  225  watts,  yet  it’s  light  (14  oz.) — well- 
balanced.  Cool — safe — protected  handle.  Six  inter¬ 
changeable  tip  designs  enable  one  iron  to  do  most  jobs. 
You  cannot  afford  to  overlook  the  Kwikheat  Soldering 
Iron.  Write  for  information — $11  with  choice  of 
0),  1,  2,  3  or  5  tip. 


COMPinE  U.L. 
APPROVAL 


PROTEaiNG 

HANDLE 


MODERN  DESIGN 


WEU  BAlANaD 
LIGHT  WEIGHT 


THERMOSTATIC 
KAT  CONTROL 


QUICK  HEATING 
ELEMENT 


energy  is  radiated  through  a  cone 
of  60  degrees.  This  has  proven  to 
be  an  important  piece  of  combat 
communications  equipment  for  di¬ 
recting  landing  operations. 

The  beachmaster’s  operating  sys¬ 
tem  was  designed  by  Bell  Telephone 
Laboratories  and  manufactured  by 
Western  Electric  Co.  Packaged  in 
six  watertight,  portable,  metal 
cases,  the  entire  system  may  be 
‘dropped  into  the  surf  and  floated 
ashore. 


Amplifier  and  loudspeaker  unit  of  the 
beachmaster  announcing  system.  Mode 
by  Western  Electric,  it  was  used  by 
the  Navy  during  the  invasions  of  Iwo 
Jima  and  Okinawa 


The  loudspeaker  asseipbly  con¬ 
sists  of  nine  dynamic  units  and 
horns  mounted  on  a  common  panel. 
During  operation,  the  loudspeaker 
is  attached  to  a  metal  yoke  and 
tripod  assembly  so  that  it  may  be 
pointed  up  or  down  through  an 
angle  of  110  degrees  and  aimed  in 
any  horizontal  direction  by  swivel¬ 
ing  the  yoke  on  the  tripod.  A  lever- 
operated  pin  on  one  side  of  the 
yoke  fixes  the  loudspeaker  in  any 
vertical  position,  and  the  height  of 
the  tripod  is  adjusted  by  means  of 
the  legs.  The  loudspeaker  presents 
a  load  impedance  of  nine  ohms  to 
the  amplifier  and  is  capable  of  han¬ 
dling  the  full  250  watts  of  output. 

The  amplifier  consists  of  a  pre¬ 
amplifier  and  a  power  amplifier 
housed  in  a  common  case.  The  unit 
is  ventilated  during  operation  by 
a  motor-driven  blower.  The  pre- 
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UNDER  NORMAL  CONDITIONS  line  volt¬ 
age  remains  fairly  stable,  fluctuat¬ 
ing  only  slightly  above  or  below 
rated  value. 


A  SUDDEN  INCREASE  in  power  de¬ 
mands  may  cause  a  sharp  drop  in 
voltage  until  adjustments  can  be 
made  at  the  source. 


LESSENING  DEMANDS  may  cause  a 
sharp  surge  considerably  above 
rated  value  before  adjustments  can 
be  made. 


SOLA  CONSTANT  VOLTAGE  TRANSFORMERS 

provide  automatic  protection  against  changing  power  loads 


FOR  MILLIONS  OF  UNITS  OF  ELECTRICALLY 
OPERATED  EQUIPMENT  NOW  IN  SERVICE  that 
are  dependent  on  a  precise  voltage 
for  efficient  operation  there  is  avail¬ 
able  a  standard  line  of  Sola  Con¬ 
stant  Voltage  Transformers  in  ca¬ 
pacities  ranging  from  lOVA  to 
15KVA.  These  units  can  be  quickly 
and  easily  installed  as  a  protection 
against  the  voltage  drops  and  surges 
that  may  occur  on  the  supply  line. 
They  are  fully  automatic  and  re¬ 
quire  no  supervision  or  manual  ad¬ 
justments.  They  will  maintain  volt¬ 
age  within  rfc  1%  of  rated  require¬ 
ments  regardless  of  line  voltage 
variations  as  great  as  30%. 


FOR  MILLIONS  OF  UNITS  OF  ELECTRICALLY 
OPERATED  EQUIPMENT  YET  TO  BE  BUILT,  there 
are  small,  compact  Sola  Constant 
Voltage  Transformers  specially  de¬ 
signed  for  chassis  mounting  as  a 
built-in  component.  These  units 
are  low  in  cost  and  their  use  will 
obviate  the  need  for  other,  more 
costly  components.  You  can  effect 
a  very  substantal  saving  to  the 
purchaser  of  your  equipment,  both 
in  original  cost  and  maintenance 
costs,  by  incorporating  a  Sola 
Constant  Voltage  Transformer  as  a 
built-in  feature.  If  standard  designs 
are  not  suitable,  spiecial  units  can 
be  built  to  your  exact  specifications. 


Consta 


rmers 


Writm  for  now  Handbook 

A  complete  treatise  on  the  subject 
of  voltage  stabilization.  It  pro¬ 
vides  the  answer  to  a  problem 
that  confronts  every  manufac¬ 
turer  or  user  of  electrically  op¬ 
erated  or  electronic  equipment. 

Atk  for  BulloHn  OCV-102 


Transformert  fori  Constant  Voltage  'Cold  Cathode  Lighting  •  Mercury  Lamps  •Series  Lighting  •  Fluorescent  Lighting  •X-Ray  Equipment  •  Luminous  Tube  Signs 
Oil  Burner  Ignition  •  Radio  •  Power  •  Controls  •  Signal  Systems  •  etc.  SOLA  ILICTRIC  COMPANY,  2525  Clybeurn  Avenue,  Chicago  14,  Illinois 
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LAMIIATED  OR  MOLDED  PLASTICS 


ProbiMIIS  Produce  quickly  and 
economically  an  intricate  yet 
sturdy  control  instrument  part 
for  use  in  aircraft. 

Solution:  To  insure  immediate 
delivery,  Richardson  fabri¬ 
cated  this  intricate  part  of 
Laminated  INSUROK.  At 
the  same  time,  molds  were 
being  made.  When  these 
were  finished,  production 
of  the  part  was  shifted  to 
Molded  INSUROK.  Thus, 
production  continued  with¬ 
out  interruption,  costly 
delays  were  avoided — an¬ 
other  example  of  Richardson 
versatility! 


The  Richardson  Company 
— to  our  knowledge— is  the 
only  plastics  manufacturer 
fully  equipped  to  do  both 
laminating  and  molding  ot 
plastics  .  .  .  the  molding  ot 
rubber  and  bituminous 
plastics  .  .  .  and  the  manu¬ 
facturing  of  rubber -plastic 
combinations.  These  com¬ 
plete  facilities  enable  us  to 
meet  your  needs  efficiently 
and  economically!  Find  out 
how  Richardson  Plasticians 
can  help  you  improve  both 
the  appearance  and  perform¬ 
ance  of  your  products. 
Write  today  for  information. 


amplifier  consists  of  two  resistance- 
coupled  stages  plus  two  resis¬ 
tance-coupled  push-pull  stages  with 
transformer  coupling  between  the 
second  and  third  stage,  and  is 
transformer-coupled  to  the  power 
amplifier.  The  latter  is  a  single 
push-pull  stage  and  includes  a  self- 
contained  power  pack.  The  micro¬ 
phone  is  of  the  magnetic  tjT)e 
equipped  with  a  feedback  reduction 
attachment. 

Power  is  supplied  to  the  system 
by  a  gas-engine  alternator  set  that 
will  run  approximately  li  hours  on 
a  gallon  of  fuel  and  may  be  either 
manually  or  electrically  started.  It 
supplies  115-volt,  60-cycle,  single¬ 
phase  a-c  and  is  rated  at  1.67  kva 
with  a  0.9  power  factor.  The  sys¬ 
tem  is  designed  to  give  satisfactory 
performance  within  a  temperature 
range  from  —40  degrees  to  +130 
degrees  Fahrenheit  in  rain,  mud  or 
snow. 

The  overall  frequency  response 
rises  from  about  260  to  500  cycles, 
is  reasonably  flat  to  6,000  cycles 
and  decreases  beyond  that  point. 

.  The  amplifier  has  sufficient  gain  so 
that  when  the  microphone  is  talked 
into  in  a  normal  voice,  the  amplifier 
will  deliver  250  watts  to  the  nine- 
ohm  load. 

Air-Borne  System 

High-powered  public  address-sys¬ 
tems  installed  in  the  giant  bellies 
of  Navy  four-engine  bombers  can 
be  used  to  broadcast  orders  and 
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-y4.  RlQL\RDSON  COMPAX'i' 

LOCKLAND,  CINCINNATI  15,  OHIO  FOUNDED  1858  Salei  Hradquari^ri-  MELROSE  PARK,  ILL. 


Th«  500-pound  loudspookor  unit  roady 
for  mounting  in  a  Nary  PBY42 
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MILITARY  SOUND  SYSTEMS  (continued) 
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BIRD  ELECTRONIC  corporation 

FORMERLY  BIRD  ENGINEERING  COMPANY 
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Mounting  assembly  of  the  loudspeaker 
unit  in  the  plane.  Part  of  the  fuselage 
had  to  be  cut  away  and  reinforced 


Get  the  Right  Flux 
. . .  frem  KESTER 


•  A  good  solder  job  starts  with  the  flux — and  Kester 
has  the  right  flux  for  you. 

•  Hundreds  of  flux  formulas  have  been  developed 
during  Kester’s  47  years  of  business,  and  each  one  has 
been  time-tested,  both  in  laboratory  and  plant.  So  that 
today,  not  only  is  the  performance  of  each  definitely 
known,  but  also  the  circumstances  under  which  one  or 
another  should  best  be  used. 

•  This  research  has  solved  the  flux  problem,  by  mak¬ 
ing  available  a  right  Bux  for  every  need,  which  cfan  be 
obtained  from  Kester.  Just  write — Kester  engineers 
consult  with  you,  without  obligation. 


KESTER  SOLDER  COMPANY 

4204  Wrightwood  Av«nu«,  Chicago  39,  III. 

Ea<t*ni  Plaat:  Newark.  N.  J.  Caoadiaa  Ploof:  Braotferd,  Oat. 


KES¥ER 

STANDARD  FOR  INDUSTRY 


general  information  from  General 
MacArthur  in  Japan  directly  to  the 
Japanese  people.  These  units  pro¬ 
duce  sufficient  volume  to  allow  the 
human  voice  to  be  heard  over  an 
entire  city  from  a  height  of  10,000 
feet  and  were  developed  by  Naval 
aeronautical  engineers  and  the  Bell 
Telephone  Laboratories.  They  were 
installed  in  three  PB4Y2’s  by  the 
Aircraft  Modification  Unit  of  the 
Naval  Air  Material  Center  at 
Johnsville,  Pa. 

The  task  of  installing  the  three 
500-pound  loudspeakers  in  three 
planes  was  known  as  Project  Polly 
and  was  started  last  May  15.  By 
September  1,  the  first  Privateer 
was  on  its  way  to  Japan,  followed 
a  few  days  later  by  the  other  two. 
In  each  plane,  the  loudspeaker  in¬ 
stallation  consisted  of  four  blocks 
of  nine  speakers  each.  Three  shifts 
of  men  worked  24  hours  a  day  to 
insert  this  equipment  into  the  fuse¬ 
lages  of  the  planes.  They  rear¬ 
ranged  other  equipment,  strength¬ 
ened  the  sections  that  held  the 
added  weight,  and  reinforced  the 
center  of  the  fuselage  where  the 
bending  moment  was  greatest. 

In  earlier  experiments  conducted 
last  December,  a  PVl  Ventura  was 
equipped  with  a  loudspeaker  unit 
and  after  numerous  tests  had  been 
completed  was  used  successfully  in 
battering  down  the  Jap  will  to 
resist  on  Wotje,  Saipan,  Iwo  Jima 
and  Okinawa  during  the  last  stages 
of  the  war. 
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Where  planning  is  clientcentered 


If  you  are  looking  for  transformers  that 
are  guaranteed  to  perform  miracles,  you  will 
not  find  them  at  Sumford  Electric. 

We  have  no  comer  on  the  engineering 
brains  of  the  electrical  world.  But  we  do 
have  a  corps  of  engineers  that  are  as  re* 
sourceful,  as  experienced,  as  alert  as  any 
you  will  find  in  a  lab ...  a  plan  board  that 
does  not  lace  its  thinking  into  narrow  chan¬ 
nels,  but  builds  broadly  around  your  needs 
...  a  production  department  that  makes  de¬ 


livery  to  fit  your  schedules ...  a  line  where 
every  unit  is  designed,  manufactured  and 
tested  honestly. 

Stamford  Transformers  are  as  sturdily 
built,  as  electrically  perfect,  as  accurate  as 
you  specify.  Could  any  standards  we  set  be 
higher.^ 

If  you  are  looking  for  that  type  of  en¬ 
gineering  assistance  and  production  flexi¬ 
bility,  you  will  find  it  at  Stamford  Electric 
Products  Company,  Inc.,  Stamford,  Conn. 


plate  and  filament  •  audio  input  •  interstage  and  output  •  modulation 
filter  and  swinging  chokes  •  audio  reactors 
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Oscillalorless  Superheterodyne 

By  Robert  W.  Woods 

.4 cademie  Dean  of  Union  College 
Lincoln,  Nehraeka 


The  problem  of  reradiation  from 
a  superheterodyne  receiver,  with 
consequent  local  interference  and 
breaking  of  radio  silence,  has  usually 
been  attacked  by  carefully  shielding 
and  isolating  the  high-frequency 
oscillator.  The  possibility  of  radia¬ 
tion  is  still  present  in  that  there  are 
oscillations  whenever  the  receiver  is 
on.  The  receiver  described  in  this 
article  is  an  approach  to  the  problem 
from  a  different  angle,  frequency 
conversion  without  the  use  of  a  self- 
excited  local  oscillator. 

Basic  Circuit 

The  receiver  is  conventional  ex¬ 
cept  for  the  frequency  converter  and 
a  similar  type  of  c-w  detector.  In 
both  circuits  signal  is  fed  into  each 
of  two  mixers  as  shown  in  Fig.  1, 
and  the  output  of  each  mixer  is  fed 
into  the  other  mixer  to  mix  with  the 
original  signal.  The  output  circuit 
of  one  mixer  is  tuned  to  the  con- 


Fig.  1 — ^Boslc  drciUt  coasista  of  two  mimrs 
iooding  ooch  othor 


version  frequency  (the  intermediate 
frequency  in  the  case  of  the  conver¬ 
ter;  the  desired  audio  frequency  in 
the  case  of  the  detector).  The  out¬ 
put  circuit  of  the  other  mixer  is 
tuned  to  the  difference  (or  sum)  of 
the  signal  frequency  and  the  con¬ 
version  frequency,  corresponding  to 
the  oscillator  frequency  of  conven¬ 
tional  circuits. 

Thus  we  have  a  chain  of  feedback 
links  from  one  mixer  to  the  other 
and  back  again,  which  at  first  sight 
might  seem  to  be  capable  of  causing 
an  oscillation.  However,  the  links 
are  tuned  to  different  frequencies 
and  the  feedback  is  without  effect 
unless  a  signal  is  supplied  from  out¬ 
side  the  system  to  both  mixers, 
which  exciting  signal  must  have  a 
frequency  that  is  related  mathema¬ 
tically  as  indicated  in  Fig.  1  to  the 
resonant  frequencies  of  the  feedback 
links,  and  must  have  an  amplitude 
great  enough  to  exceed  the  thres¬ 
hold  of  excitation  required  by  the 
system. 

Though  these  two  circuits  are 
quite  similar  in  general,  the  conver¬ 
ter  circuit  shown  in  Fig.  2,  differs 
from  the  detector  circuit  of  Fig.  4 
in  certain  design  features,  in  the 
mathematical  theory  of  operation, 
and  in  the  nature  of  the  conversion 
signal.  In  the  converter,  the  mixers 
are  of  the  single  input  type.  Fig.  2, 
with  the  signals  fed  in  series  to  a 
•  single  grid.  With  this  circuit,  as 
will  appear  in  the  analysis  which 
follows,  the  amplitude  of  the  i-f 
signal  is  proportional  to  the  ampli¬ 
tude  of  the  r-f  signal.  In  the  detec¬ 
tor,  Fig.  4,  the  mixers  are  of  the 
double  input  type  with  a  separate 
grid  for  each  input  frequency,  that 
is  they  are  multiplicative  mixers. 
In  this  circuit  regeneration  increa¬ 


ses  the  output  signal  to  a  maximum 
value  which  is  independent  of  the 
amplitude  of  the  exciting  signal.  If 
the  exciting  signal  has  an  amplitude 
below  the  threshold,  degeneration  is 
present.  This  behavior  automatic¬ 
ally  makes  the  detector  nonrespon- 
sive  to  weak  signals,  and  eliminates 
considerable  background  interfer¬ 
ence  in  c-w  reception. 

Converter  Theory 

The  theory  of  operation  of  the 
converter.  Fig.  2,  is  as  follows.  As¬ 
sume  that  the  r-f  signal  to  both 
mixers  is  Aisin  a>it,  the  i-f  signal  to 
the  2nd  mixer  is  AjSin  u),f,  and  the 
d-f  signal  to  the  1st  mixer  is  A,sin 
u>,t,  where  d-f  signifies  difference  fre¬ 
quency.  Then  u),  =  u>,  —  w,. 


Fig.  2 — R«g«n*rcition  in  th«  conT«rt«r  tak«t 
place  only  whon  a  signal  is  present 


The  voltage  applied  to  the  grid  of 
the  1st  mixer  is  therefore  Aisin  uif  + 
Aasin  (o,t  which  has  a  maximum  am¬ 
plitude  Ai  -f  A«  and  a  minimum  am¬ 
plitude  Ai  —  A,  if  Ai  >  A,  or  A,  - 
Ai  if  A,  >  A,.  The  amplitude  of  vari¬ 
ation  of  this  interference  envelope  is 
therefore  [(Ai  -f  A,)  —  (Ai  —  A*)]/ 
2  =  A,  if  Ai  >  A,  and  [  ( Ai  +  A,)  - 
(A,  -  A0]/2  =  A.  if  A.  >  A,. 

The  amplitude  of  this  variation  in 
the  envelope  of  grid  voltage  is  a  sort 
of  theoretical  input  amplitude  of  the 
difference  frequency  given  in  wt  = 
—  <!),.  If,  due  to  the  gain  of  the 
mixer,  the  amplitude  of  this  differ¬ 
ence  frequency  in  the  output  is  K, 
times  as  great,  then  A,  =  AiA*  if 
Ai  >  A,  and  A,  =  KiAx  if  At  >  Ai. 

This  same  analysis  may  be  applied 
to  the  2nd  mixer,  giving  A,  =  K%At 
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"Dc^imet  <j«  @  BHl  ^  DTE  S^^icnimcc 

FOR  THE  RIGHT  RHEOSTAT  CONTROL 


Tim§-pro¥0d  thsfgnl  Widest  Range  of  Sizes! 


You  get  these  advantages:  (l)  Ohmite  experience  with 
countless  rheostat  applications.  (2)  Service-proved 
Ohmite  features  that  assure  permanently  smooth,  close 
control.  (3)  Extensive  range  of  sizes  and  types  for  easy, 
economical  selection  of  the  best  unit  for  every 
application. 

There  are  ten  wattage  sizes  ranging  from  25  to  1000 
watts— from  1%“'  diameter  to  12*'  diameter— in  uni¬ 
form  or  tapered  winding — in  single  or  tandem  units — 
in  regular  or  special  designs.  Stock  models  from  25  to 
500  watts,  in  many  resistance  values. 

Consult  Ohmite  engineers  on  your  rheostat  control 
problem. 


Send  for  Catalog 
and  Enginooring 
Manual  No.  40 


Writ*  on  company 
l•tt•rh•acl  for  this 
holpful  guide  in  the 
selection  ond  op- 
plication  of  rheo¬ 
stats,  resistoh,  tap 
switches,  chokes 
and  attenuotors. 


OHMITE  MANUFACTURING  COMPANY 

4t17  fiOURNOY  STREET,  CHICAGO  44,  U.S.A. 


OHMIT 


RHiOSfAtS  •^RiSISTORSi^TAP  SWITCH!#*^  CHOKES ATTENUATORS 
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(continuid) 


if  Ai  >  As  and  A*  =  ^TjAi  if  Aj  > 
where  Kt  can  differ  from  K^, 

Under  starting  conditions  A,  =  At 
=  0,  except  for  the  effect  of  small  cir¬ 
culating  currents  in  the  tuned  cir¬ 
cuits  caused  by  such  statistical  vari¬ 
ations  as  d-c  plate  currents  and  am¬ 
bient  fields.  It  would  be  more  accur¬ 
ate  to  say  that  A,  and  A,  are  very 
small.  Thus  when  Ai  is  applied,  the 
condition  exists  that  Ai  >  A,  and 
>  As,  and  consequently  A,  =  K.At 
and  As  =  K^At.  Multiplying  these 
two  equations  gives  AtA,=KiKAAt 
or  KiKt  =  1.  This  result  is  inter¬ 
preted  to  mean  that  if  KiKt  <  1  we 
have  degeneration,  and  if  K^Kt  >  1 
we  have  regeneration  and  A,  and  A, 
build  up  until  the  conditions  change 
to  As  >  Ax  and  A*  >  Ax  when  As  = 
and  As 
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Converter  Characteristics 


From  this  analysis  we  see  that  the 
amplitude  of  the  i-f  produced  by  this 
method  is  dependent  upon  the  ampli¬ 
tude  of  the  r-f  signal.  It  would  be 
profitable  at  this  point  to  observe 
that  the  conversion  gain  of  a  single 
input  mixer  is  essentially  constant 
over  a  wide  range  of  amplitude  of 
input  signal,  but  depends  on  the  am¬ 
plitude  of  the  input  signal  for  very 
small  amplitudes,  becoming  very 
small  as  the  amplitude  approaches 
zero.  • 

This  nonlinearity  of  conversion 
gain  may  be  used  to  advantage  be¬ 
cause,  by  adjusting  the  conversion 
gain  of  the  mixer  so  that  the  desired 
signal  is  strong  enough  to  excite  the 
conversion  frequency,  undesired  sig¬ 
nals  of  relatively  smaller  strength 
may  be  below  the  threshold  required 
to  excite  the  converter  and  will  there¬ 
fore  not  come  through  the  receiver, 
thus  partially  eliminating  the  unde¬ 
sired  background  noise  in  c-w  recep¬ 
tion.  During  spaces  in  c-w  reception, 
the  r-f  signal  being  absent.  A,  and 
As  drop  to  zero  and  consequently  the 
receiver  does  not  radiate.  Even  dur¬ 
ing  the  dots  and  dashes,  because  Kt 
may  be  adjusted  to  a  value  only  a 
little  greater  than  unity,  the  radia¬ 
tion  from  this  “oscillator”  section 
may  be  minimized.  There  is,  of 
course,  an  advantage  in  making  K, 
quite  large,  in  fact,  there  is  nothing 
which  would  prevent  using  amplifiers 
in  the  feedback  circuits  of  the  con¬ 
verter  as,  for  example,  feeding  back 
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Since  its  development  in  1935  the  Ballantine 
Electronic  AC  Voltmeter  is  the  only  instrument  of 
its  kind  tcith  a  Simplified  Logarithmic  Scale, 


The  important  feature  of  logarithmic  scale  in¬ 
dication  in  the  Ballantine  Voltmeter  provides 
the  same  degree  of  accuracy  at  1  as  at  10.  Also 
the  simplicity  of  this  scale  reduces  errors  in 
visual  observation,  conunnii  with  most  multi¬ 
range  instruments.  Finally,  the  care  taken  in 
overall  calibration  combined  with  the  inherent 
stability  of  the  circuits  used  permits  reliable 
readings  within  the  2%  specified  tolerance  over 
the  complete  range  of  operation. 
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MOLDED  COIL  FORMS 

THE  MODERN  ANSWER  TO  INEXPENSIVE  MECHANICAl 
- - -  SUPPORTS  FOR  WINDINGS 


Note  the 


anchored 
hairpin  leads 
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Typical  StKkpolc  Molded  Ceil  Form  Applications 


UNIVERSAL  WINDING 


COAXIAL  LEADS  each  ead 
Type  DR  - 1  .  .  .750'  x  .220' 

Type  DR -2  .  .  .875'  x  .280' 


SINOLI  HAIRPIN  lead  each  end 
Type  DR -3  ..  .875' x  .280' 


MNOLI  HAIRPIN  lead  one  end 
DOURLI  HAIRPIN  lead  other  end 
Type  DR-4  .  .  .875'  x  .280' 


DOUSLI  HAIRPIN  lead  each  end 
Type  DR -5  .  .  .875'  x  .280' 


Typical  use  of  molded  coil  form 
with  Stackpole  W-1976  iron 
sleeve  core  attached 


Reduced  space  factor  .  .  .  sunplicify  of 
assembly .  .  .  point-to-point  wiring  ,  .  • 
one  third  fewer  soldered  connections 
• . .  extreme  flexibility  of  application  •  •  • 
absolute  minimum  cost 

These  proved  advantages  mean  wide  use  for 
Stackpole  molded  bakelite  coil  forms  in  a 
variety  of  applications.  Hairpin  anchored 
leads  mean  that  the  soldered  core  wires  are 
not  disturbed  or  strained  when  leads  are 
flexed  or  moved.  The  forms  being  smooth, 
coils  may  be  wound  on  separate  tubes  and 
slipped  over  the  forms— or  windings  may 
be  wound  directly  on  the  forms.  Where  re¬ 
quired,  forms  may  be  provided  with  Stack- 
pole  molded  iron  sleeve  cores,  thereby 
increasing  Q  materially,  decreasing  the 
amount  of  wire  for  a  given  inductance  and 
reducing  stray  magnetic  fields.  Write  for 
details  or  samples  to  meet  your  requirements. 

STACKPOLE  CARBON  CO.,  ST.  MARYS,  PA. 

Bucfrome  CompoiMirfi  OtV/ciba 


7777/77Z 


SOLENOID  WINDING 
BENT  AT  90 


TAPPED  UNIVERSAL  WINDING 


ANTENNA  OR  COUPLED 
WINDINGS 


^  POWDERED 
^.-^IRON  SLEEVE 


IRON  CORED  UNIVERSAL 
WINDING 


POWDERED 
IRON  WASHER 


POWDERED 
IRON  SLEEVE 


IRON  CORED  l-F  TRANSFORMER 
OR  COUPLED  COILS 


FIXED  AND  VARIABLE  RESISTORS  •  IRON  CORES  *  SWITCHES 
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lem,  consult  Cardwell  engineers. 


This  grid  balancing  condenser  was 
specially  designed  for  5  or  10  K.W. 
Frequency  Modulation  Radio  Trans¬ 
mitters  operating  in  the  100  M.  C. 
range.  This  is  just  one  of  many  exam¬ 
ples  of  how  Cardwell  has  developed 
condensers  to  meet  specific  problems. 
If  you  have  a  tough  condenser  prob- 


GENERAL  CHARACTERISTICS 

Copacify  Range:  12-6  mmfds.  p*r 
soction 

Airgop:  .218" 

Insulation:  MYCROY  (glott  bondod 
mica). 

Size:  Approximatoly  3"  H  x  3V4" 
w  X  3y4"  i. 

Material:  All  aluminum  •xcoptsfad 
shaft,  brats  baarings, 
stator  blocks,  studs  ond 
Krowt. 

Bearings:  Ball  thrust  raar—straight 
shouldar  baaring  in  front. 

Mounting:  Foot  mounting  to 
chassis  or  throo  point 
to  panoi. 


PART  LIST  No.  PL.7287 


THE  ALLEN  D.  CARDWELL  MANUFACTURING  CORP. 

MAIN  OFFICE:  81  PROSPECT  STREET,  BROOKLYN  1,  N.  Y. 

FACTORIES;  PLAINVILIE,  CONN,  —  BROOKLYN,  N  Y 


NOVEL  SUPERHETERODYNE  (continu.d) 

the  i-f  signal  from  the  output  of  the 
i-f  amplifier  instead  of  from  the  out¬ 
put  of  the  1st  mixer. 

Another  point  of  importance  is 
that  the  conversion  frequency  will  be 
determined  by  the  i-f  tuning,  pro- 
vided  that  the  Q  of  the  i-f  circuit  is 
higher  than  the  Q  of  the  d-f  circuit, 
thus  providing  a  sort  of  automatic 
frequency  control. 

Because  the  i-f  signal  amplitude  is 
a  linear  function  of  the  r-f  ampli¬ 
tude,  this  frequency  converter  may 
be  used  to  receive  an  amplitude  mod¬ 
ulated  signal  as  well  as  c-w  signals. 

Experimental  behavior  of  the  con¬ 
verter  is  shown  in  Fig.  3.  The  con¬ 
version  gain  of  the  single-input  mix¬ 
ers  employed  in  the  experimental 
model  of  the  converter,  as  deter¬ 
mined  by  measurements  of  the  i-f 


Fig.  3 — ^Experimented  meosurementi  indi¬ 
cate  the  linear  dependence  oi  i-f  amplitude 
on  r-i  amplitude  up  to  tube  saturation 


and  r-f  amplitudes,  was  approxi¬ 
mately  ten.  This  low  value  of  con¬ 
version  gain  was  fortunate  in  that 
the  variation  of  i-f  amplitude  with 
r-f  amplitude  was  easily  observed. 

C-w  Detector  Theory 

The  theory  of  operation  of  the  de¬ 
tector  circuit.  Fig.  4,  is  as  follows. 
We  shall  assume  for  this  circuit  the 
notation  i-f  signal  to  both  mixers  is 
Bisin  a>af,  a-f  signal  to  2nd  mixer  is 
BsSin  cojf,  and  s-f  signal  to  1st  mixer 
is  BaSin  toaf,  where  s-f  signifies  sum 
frequency.  Then  <i>a  =  o>i  +  <«>,. 

In  the  double  input  mixer,  to  a 
first  approximation,  the  of  the 
tube  may  be  considered  to  be  a  linear 
function  of  the  voltage  on  the  9S  grid. 
This  simplification  is  approximately 
true  in  the  range  of  negative,  grid 
voltages.  Thus  +  ke^). 

In  the  same  operating  region  the 
plate  current  may  be  considered  to 
be  a  linear  function  of  the  voltage  on 
the  $1  grid  so  that  u  =  gm(E  -1-  c,i) 
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Assured! 


Connection 


ACTUALLY  LOCK  TIGHTER 
UNDER  VIBRATION! 


Here  is  the  lock  washer  that  keeps  product 
parts  SDUg  and  tight  •  • .  even  under  extreme 
vibration.  The  exclusive  tapered- twisted  teeth 
of  the  Shakeproof  Lock  Washer  bite  into  both 
surfaces  and  set  up  a  powerful  strut-action  lock. 
Under  vibration,  the  biting  edges  dig  deeper, 
increase  the  locking  action  and  prevent  any 
loosening  of  the  connection. 

There  are  six  standard  Shakeproof  Lock 
Washer  types  •  •  •  and  hundreds  of  ^^specials.^ 
They  are  the  answer  to  practically  every  lock 
washer  need! 


DISCUSS  YOUR  FASTENING 
PROBLEMS  WITH 
SHAKEPROOF  ENGINEERS! 

Shakeproof  offen  you  a  complete  fastening  ser^ 
vice  •  •  •  a  definite  aid  to  product  improvement. 
The  vast  field  experience  and  thorough  fasten¬ 
ing  knowledge  of  Shakeproof  Engineers  enables 
them  to  give  you  valuable  advice  in  speeding 
assembly  and  lowering  production  costs.  This 
service  has  already  led  to  the  improved  utility 
of  countless  products  • .  •  discover  now  what  it 
will  do  for  yon.  Write  today  and  ask  to  have  a 
Shakeproof  Engineer  call  at  your  convenience. 
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S4^EPjuOF 


int. 


Distributor  of  Shakoproof  Products  Manufacturtd  by  IUJH0I5  TOOL  WORKS 
2501  North  Koolor  Avonwo  •  Chicago  39,  Illinois 
PloMts  at  Ckicaflo  and  Elfin,  Illinois 
In  Canadat  Canada  Illinois  Tools,  Ltd.,  Toronto,  Ontorlo 
Los  Anf«l«s  Offloa  Dotroit  Offica 

M70  Wilslilro  Bhrd.,  Los  Antolos  56,  Calif,  SI95  L  Grand  Mvd.,  DotroH  t,  Mich. 


Try  Shakeproof  Lock  Washers  on  yonr  prod¬ 
uct.  See  for  yourself  how  they  help  improve  its 
performance.  Free  sample  kit  contains  a 
variety  of  types  and  sizes.  Write  today  and  ask 
for  Kit  No.  21. 


SHAKEPROOF 


NOVEL  SUPERHETERODYNE 


(confinutd) 


where  is  a  constant.  Combining 
these  two  equations  gives  i*  =  x 
(1  +  kCgi)  {E  -H  Cgi),  The  last 
term  of  the  expansion  of  this 
equation  will  contain  the  sum  and 
difference  frequencies,  for  as  in  the 
1st  mixer  e,i  =  B,sin  o),f  and  e,,  = 
fisSin  o),f.  This  last  term  gives  the 
conversion-frequency,  plate  current 
tp  — ffmo  k  B\Bg  sin  wif  sin 

Qmo  k  BiB% 

“  2 

[cos  (u)i  —  a>a)  t  —  COS  (oh  0),)  t] 
The  voltage  amplitude  of  the  out¬ 
put  signal  of  the  mixer  depends  on 
the  effective  resistance  Ri  of  the  plate 
load  device,  and  would  be  == 
i?i(Pmo  fe  Bs)/2.  In  similar  manner 
considering  the  2nd  mixer  JB,  =  /?.  x 
(g„o  k  fia)  Ri.  Multiplying  these 

two  expressions  and  dividing  by 
BiBg  gives  1  =  RrRAgmokBrY/A 
or  =  2/p„o  A^V-Ri -Rj. 

This  analytical  result  is  inter¬ 
preted  to  mean  that  there  is  a  mini¬ 
mum  value  of  the  amplitude  of  the 
excitation  voltage  below  which  de¬ 
generation  occurs  and  above  which 
there  is  regeneration.  The  threshold 
value  of  this  excitation  voltage  is 
given  by  the  above  equation.  The 
composite  quantity  k  is  the  slope 


In  the  re-adjustment  to  civilian  markets,  your  product  in  common  with 
many  others,  may  be  in  a  highly  competitive  position.  li  your  product 
requires  springs — no  matter  what  their  application — ^much  depends  upon 
the  quality  of  those  springs. 

At  Reliable  we  hove  adopted  on  almost  infallible  system  of  quality 
control,  which  assures  uniformity  within  close  tolerances.  Of  course 
correct  design,  by  your  engineers  or  ours  or  both,  is  fundamentoL  Of 
course  selection  of  exactly  suitable  materials,  with  respect  to  metal¬ 
lurgical  properties,  and  their  reactions  to  corrosion,  atmoq;>heric 
changes,  and  electrical  conductivity,  is  indispensable.  Accurate  heat 
treating  and  tempering  ore  also  essential.  But  once  these  factors  hove 
been  determined,  a  production  method  that  virtually  rules  out  any  con¬ 
siderable  deviation  from  a  uniform  standard  is  all-important  Reliable's 
quality  control  process  is  mathematically  worked  out  to  do  this,  and 
you  may  rely  on  the  uniformity  of  Reliable  springs. 


For  procision  springs,  wire  forms,  and  light  stampings — cx}iisu2f 
RoUablo.  Our  small  order  department  is  well  equipped  to  work  with 
you  on  experimental  springs.  Catalog  mailed  on  request. 


THE  RELIABLE  SPRING  &  WIRE  FORMS  CO. 

3167  Fsiton  Rd.,  Cl«v*lasd  9,  Ohio  #  Reprosostativos  is  Frlscipol  Cifiot 


Fig.  4 — ^The  c-w  detector,  using  double  in¬ 
put.  generates  audio  tone  from  i-f  carrier 


YOU  CAN  RELY  ON 


fUllllltflim 


ROUND  AND'  FLA 
WIRE  springs 


irmqs 

LiPS  HOOKS  ^  BENDS 


liGhi  stampings 


of  the  vs  curve  at  the  operat¬ 
ing  point;  for  the  6L7  tube  it  is  ap¬ 
proximately  90  II  microohms  per  volt 
Note  that  in  the  converter  circuit 
this  dividing  point  between  degen¬ 
eration  and  regeneration  was  deter¬ 
mined  by  the  conversion  gain  and 
depends  on  the  signal  strength  only 
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Model  665A 


RANGES 

INSULATION  TESTING  — 1  megohm  to  10,000  megohms  at  500  volts. 

VACUUM  TUIE  OHMMETER- Direct  reading.  From  0.1  ohm  to  1,000 
megohms.  Seven  rangesi  0/1,000/10,000/100,000  ohms|H/10/100/1,000 
megohms. 

CAPACITY  MEHR  —  Accurate  measurements  from  0.0000025  to  2,000  mfd. 
Eight  ranges:  0/0.0001 /0.002/a02/0.2/2/20/ 200/2,000  mfd. 

AC  VACUUM  TUIE  VOLTMEHR- Direct  reading.  Input  capacity:  0.00005 
mfd.  at  terminals  of  instrument.  Input  resistance:  160  and  16  megohms. 
Seven  ranges:  0/3/6/30/150/600/1500/6000  volts.  AAeasures  signal  and 
output  voltages  from  10  cps.  to  10,000  cps. 

DC  VACUUM  TUBE  VOLTMETER  -  Direct  reading.  Sensitivity  160  meg¬ 
ohms  on  high  ranges  and  16  megohms  on  low  ranges.  Six  ranges: 
0/6/30/150/600/1500/6000  volts. 

MODEL  MSA -Size:  9V4"  *  12  Vs"  »  Weight:  13  lbs. 

In  sturdy  mntal  case,  complete  with  4  Inads  and  battnrhs, 
rnady  to  oporato.  PRICE  $94.50 


INSULATION  TESTER  PLUS  VACUUM  TUBE 
VOLTMETER,  OHMMETER  AND  CAPACITYMETER 

Here’s  an  insulation  resistance  tester  with  a  range  up  to  10 
BILLION  ohms.  But  that  isn’t  all !  In  the  same  precision  instru¬ 
ment,  R.C.P.  brings  you  a  vacuum  tube  voltmeter,  ohmmeter  and 
capacitymeter  .  .  .  the  same  quality  instniments  that  gave  you 
such  fine  service  all  through  the  war.  29  measurement  ranges  in 
the  ’’Billionaire”  handle  praaically  any  laboratory  or  service 
testing  job.  There  is  a  giant  8*'  meter,  accurate  to  2%  at  full  scale. 

Automatic  line  voltage  check  provides  excellent  AC  as  well 
as  DC  regulation  to  assure  accuracy  and  stability.  Accuracy  of 
low  range  ohmmeter  is  maintained  by  automatic  ohmmeter  bat¬ 
tery  check,  which  tells  operator  when  to  replace  ohmmeter  battery. 

Five  separate  instruments  with  the  same  capacity  would  cost 
far  more.  For  the  ’’Billionaire”  you  pay  no  more  than  you  would 
for  an  insulation  tester  alone.  Check  the  features  of  the 
’’Billionaire”  and  write  us  or  see  your  jobber. 

1 .  Insulation  Testing:  \  megohm  to  10,000  megohms  (10 

billion  ohms)  <1/  500  volts  with  ab¬ 
solute  safety  to  the  operator. 

2.  Resistance:  I/IO  to  1  billion  ohms 

3*  Capacity  .0000025  to  2,000  mjds. 

4.  AC  voltage:  0.5  to  6,000  volts 

5.  DC  Voltage:  0.05  to  6,000  volts 


RADIO  CITY  PRODUCTS  COMPANY,  INC 


127  WEST  26th  STREET 


MANUFACTURERS  OF  PRECISION  ELECTRONIC 
OHM-MILLIAMMETERS,  SIGNAL  GENERATORS, 


NEW  YORK  CITY  1  ,  N.Y, 


LIMIT  BRIDGES,  VACUUM  TUBE  VOLTMHERS,  VOLT 
ANALYZER  UNITS.  TUBE  TESHRS.  MULTI-TESTERS 
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The  famous  Electron  Microscope 
by  Radio  Corporation  of  America 


Enormously  widening  man’s  capacity 
to  see  and  photograph  the  “invisible," 
RCA's  new  Electron  Microscope  is  on 
outstanding  asset  to  scientific  progress. 
Following  the  necessarily  rigid  stand¬ 
ards  such  a  device  demands,  the  30,000 
volt  main  capacitor  is  made  by  Indus¬ 
trial  Condenser  Corporation. 


ITS  MAIN 


1® 


CONDENSER 


CORPORATION 


Skilled  Industrial  Condenser  Corporation  engineers,  in  the  world’s 
most  modern  condenser  plant,  design  and  build  capacitors  for  every 
application.  If  your  products  require  Electrolytic,  Paper,  Oil,  or 
Motor  capacitors,  call  your  nearest  Industrial  Condenser  Corpora¬ 
tion  district  office  today. 


INDUSTRIAL  CONDENSER  CORPORATION 

3  243-65  NORTH  CALIFORNIA  AVENUE,  CHICAGO  18,  U.  S.  A. 
District  Offices  in  Principal  Cities 

PAPER,  OIL  AND  ELECTROLYTIC  MOTOR  CAPACITORS 


NOVEL  SUPERHETERODYNE  (continued) 


as  the  gain  is  affected  thereby;  in 
the  detector  the  dividing  point  is 
dependent  on  the  signal  strength.  In 
the  converter,  the  conversion-fre¬ 
quency  signal  is  modulated  in  the 
same  way  as  the  r-f  signal;  in  the 
detector  the  amplitude  Bt  of  the  con¬ 
version  frequency  signal  depends  not 
only  on  Bx  but  also  on  B^.  The  result 
is  that  Bt  is  increased  by  regenera¬ 
tion  to  a  maximum  value  determined 
by  the  circuit  constants,  and  i?, 
merely  triggers  the  “oscillation”.  In 
the  absence  of  Bx  both  Bt  and  B,  drop 
to  zero  and  the  circuit  become  inop¬ 
erative. 

Even  if  Bx  is  modulated  somewhat, 
B,  is  constant  in  amplitude.  How¬ 
ever,  if  Bx  has  a  high  percentage  of 
modulation,  during  a  part  of  the 
modulation  cycle  its  amplitude  may 
be  below  the  critical  value  and  de¬ 
generation  will  be  present  in  the  cir¬ 
cuit,  causing  an  interruption  of  the 
B,  signal,  a  sort  of  externally 
blocked  blocking  oscillator  behavior. 
Of  course  for  c-w  reception  this  con¬ 
sideration  of  the  behavior  of  the  cir¬ 
cuit  with  a  modulated  signal  is  ex¬ 
traneous.  It  is  presented  merely  as 
an  exploration  of  the  properties  of 
this  circuit.  Some  of  the  peculiarities 
of  this  circuit  are  such  as  to  recom¬ 
mend  it  as  a  c-w  detector.  Of  course 
it  is  not  satisfactory  as  a  detector 
for  a-m  signals. 

Experimental  behavior  of  the  de¬ 
tector  circuit  is  shown  in  Fig.  5.  The 
effective  resistance  B,  of  the  plate 
load  on  the  2nd  mixer  of  Fig.  4, 
calculated  from  an  assumed  value  of 
effective  Q  of  the  coil,  was  found  to 
be  approximately  10,000  ohms.  The 
effective  resistance  Rx  of  the  plate 
load  of  the  1st  mixer,  calculated  from 
low-frequency  measurements  of  the 
coil  constants,  was  found  to  be  nearly 
50,000  ohms.  Using  these  values,  the 
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Fig.  5 — ^I>«t«ctor  gcdn  charoctsristic  indi- 
cotM  that  aboT*  th«  throshold  the  a-( 
amplitude  Is  independent  oi  the  l-f  ampli¬ 
tude 
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V  ovi  V" 


Our  insulating  papers  have  such  a 
low  power  factor  that  they  can  be 
used  with  confidence  in  any  appli¬ 
cation  where  this  quality  is  required. 
Specify  Schweitzer  thin  gauge  paper 
for  capacitors,  coils,  transformers 
or  other  applications  using  insulat¬ 
ing  papers  in  any  thickness  ranging 
from  .00025"  to  .004" 


SCHWEIIZER  PAPER  CO 

142  MARKET  STREET,  NEWARK,  N.  J. 
'Plants:  Newark,  Jersey  City,  Mt.  Holly 
Springs,  Pa.  Research  Laboratories: 

Chrysler  Bldg.,  New  York,  N.  Y. 


1^, 


SPECIALISTS  I 


.  IHIN  CAUCe 


INSULATING  PAPERS 
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ADC  COMPONENTS  have  proved 
their  utility  and  reliability  over 
many  years  of  continuous  satis¬ 
factory  service.  Patch  bay  units 
by  Audio  Development  Com¬ 
pany  have  taken  their  rightful 
place  of  high  esteem  along  with 
other  well  known  ADC  compo¬ 


nents.  As  always,  careful  selec¬ 
tion  of  highest  quality  ma¬ 
terials,  correct  engineering, 
precise  workmanship  and  rigid 
inspections  guarantee  long 
trouble-free  life.  Your  exact  re¬ 
quirements  will  bring  prompt 
price  and  delivery  information. 


NOVEL  SUPERHETERODYNE  {cont:nu.d) 

threshold  amplitude  was  calculated 
to  be  one  volt.  The  measured  value 
of  threshold  was  about  1.1  volt 
which  agrees  almost  too  well  with  the 
theory  considering  the  probable 
error  in  the  determinations  of 
and  Ri. 

Behavior  such  as  is  exhibited  by 
these  circuits,  particularly  by  the  de¬ 
tector,  should  find  other  applications 
in  design  of  electronic  apparatus. 
Some  suggestions  are  as  an  audio  os¬ 
cillator  excited  or  triggered  by  the 
presence  of  an  unmodulated  r-f  sig¬ 
nal  or  an  oscillatorless  c-w  detector. 
A  variable-frequency,  crystal-con¬ 
trolled,  r-f  signal  can  be  obtained 
using  this  circuit  by  feeding  a  crys¬ 
tal  controlled  signal  to  the  circuit, 
incorporating"  a  variable-frequency, 
tuned,  audio  unit  in  the  plate  circuit 
of  one  of  the  mixers  and  using  the 
sum  frequency  from  the  plate  circuit 
of  the  other  mixer  as  the  desired  out¬ 
put.  The  circuit  can  be  used  for  gen¬ 
eration  of  an  electronically  triggered 
control  voltage  for  the  operation  of 
relays.  Because  the  triggering  is  de¬ 
pendent  upon  the  amplitude  of  the 
signal,  a  series  of  relays  operating 

•  •  • 


IFF  ANTENNA 


Antenna  of  an  IFF,  Identification  Friend 
or  Foe.  set  os  installed  on  Okinawa  for 
port  of  the  radar  warning  sTstem 


^  ih  m ^ ^  ^ ^  m.mt  \ 

00,  00  00  00  00  00  00  00  00  00  00,  00 


Jack  Panels 


Jacks 


Please  address  all  correspondence  to  our  representative  nearest  your  location: 


Burlingame  Associates,  Ltd. 

II  Park  Place 

New  York  7,  New  York 


Maury  Bettis  &  Company 
Room  400,  BAA.A.  Buildi^ 
Kansas  City,  Missouri 


Waiter  P.  Downs,  Ltd. 
702  Dominion  Square 
Montreal,  P.Q.,  Canada 


Seattle  Radio  Supply,  Inc. 
2117  Second  Avenue 
Seattle,  Washington 


B.  G.  Twymon  &  Associates 
6406  North  Fairfield  Avenue 
Chicago,  Illinois 


Cinema  Engineering  Company 
1508  West  Verdugo  Avenue 
Burbank,  CaRfomia 


2833  13th  Ave.  S.,  Minneapolis,  Minn. 
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DUROK  is  the  optimum  insulation  for 
hermetically  sealed  refrigerator 
motors.  > 

DDROK  with  its  high  dielectric,  purity 

and  high  specific  gravity,  means 
maximum  insulation  with  minimum 
thickness,  greater  safety  factor  and 
more  wires  per  slot. 


uunutv  assures  taster,  muic 
economical  production  .  .  .  higher 
winding  speeds,  fewer  torn  slot 
insulators,  fewer  failures.  It  has 
stiffness,  rigidity,  hardness  and  snap. 

DUROK  has  the  color  of  natural 

purified  non-cotton  cellulose  ...  the 
advantages  of  this  color  should  be 
apparent  to  motor  makers  whose 
.  _ _ nnrl  nccuracy  are 


DUROK  is  free  of  chemicals  and 


and  retains  the  best  naiur- 
of  cellulose  .  .  •  this  me 
complete  absorption 


sizing 
properties 

faster,  more  compiere  uu.a.  p,  —  -  -■ 
insulating  varnish,  quick  elimination  of 
moisture  and  less  baking  time  required. 


MITCH  ELL-RAND  INSULATION  COMPANY,  INC. 

51  MURRAY  STREET  COrtlandt  7-9264  NEW  YORK  7,  N.Y. 


A  PARTIAL  LIST  OF  M-R  PRODUCTS 
Fiberqlos  Saturated  Sleevinq,  Varnished  Tub 
Asbestos  Sleevinq  and  Tape 
Varnished  Cambric  Cloth  and  Tape 
Mica  Plate,  Tape,  Paper,  Cloth,  Tubinq 


Fiberqias  Varnished  Tape  and  Cloth 
Insulatinq  Papers  and  Twines 
Cable  Fillinq  and  Pothead  Compounds 
Friction  Tope  and  Splice 
Tronsformer  Compounds 


Fiberqias  Braided  Sleevinq 
Cotton  Topes,  Webbinqs  and  Sleevinqs 
Impreqnated  Varnish  Tubinq 
Insulatinq  Varnishes  ot  all  types 
Extruded  Plostic  Tubinq' 


M  V  ll  W  il  ...  Its  grocrt  iMdrankat  stronsth# 

9r*ot  l»or  (trongtii  and  high  stratch  (aiongatkMi) 
bofor*  raphir*,  permits  greater  speed  in  motor  winding, 
more  wires  in  a  given  slot  for  greater  horsepower, 
fewer  lorn  slot  insulators,  fewer  failures,  increased 
production  ond  lower  rasts.  H  ^  stiff,  rigid,  hard 
ond  has  quite  a  "snap". 

...  it  made  of  o  non-cotton  cellulose  by  laminating 
many  thin,  continuous,  layers  while  wet  and  under  high 
pressure,  without  the  usu  of  adhesives  or  diemicah, 
and  is  dried  without  tendon. 

...  Is  now  ovoilabie,  from  stodc,  in  sizM  from  .007— 
.023  ond  .030  inches.  Stondord 
sheets  ore  36  x  24".  The  groin  is  paroliet  to 
the  second  dimendon. 


WRITE  FOR  DUROK  SAMPLE  CARD 


MnCNEa-RAND 

for  57  YEARS 

^  tm  iuctrical 
\  imsulatiom 

mMtA09«A»Tl«$  i 


i  S  P  E 

C  1  F  1  C 

A  T  1  O  N  S 

1  Thickness  -  " 

.007-.010 

Elmendorf  Tear  CMD 

I 

.015-.020 

•gms/.OOl" 

100-110 

.023.030 

pH 

6.5-7.0 

H  Specific  Gravity 

Ash  %  —  leu  than 

1 

gmt/cc 

1.30-1.40 

Methanol 

'^1  Tensile  MD  ^/tq.  in. 

15,000-19,000 

Extractable  % 

.02-.12 

Tensile  CMD  #/tq.  in.  6,000-7,000 

Naphtha 

Elongation  MD  % 

9-11 

Extractable  % 

.02-.08 

Elongation  CMD  % 

13-18 

Chlorides-ports 

Dielectric  Volts/ .001 

ts 

per  million 

8-12 

^^■^^^tnickness 

400-600 

Water  obs.  1 5  min. 

Shrinkage  MD% 

.4..7 

approx.  % 

100 

Shrinkage  CMD  % 

1.4-1. 9 

Water  obs.  24  hrs. 

Mullen  #/.001" 

approx.  % 

120 

thickneu 

34 

Approx.  Wgt.  #/M 

i  Elmendorf  Tear  MD 

sq.ft./.OOl" 

gmt/.001" 

60-73 

thickneu 

7.6 

MD 

parallel  to  groin 

=  Machine  Direction 

Crou  Machine  Direction 
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Maximum  Performance  with 
Minimum  Magnet  Weight! 


NOVEL  SUPERHETERODYNE  (continutd) 

from  detectors  having  thresholds  at 
different  levels  might  be  operated 
from  the  same  signal.  It  can  also  be 
used  intentionally  as  an  intermittent 
oscillator  to  produce  bursts  of  oscil¬ 
lation  when  triggered  by  a  100  per¬ 
cent  modulated  signal,  that  is  as  a 
sort  of  externally  blocked  blocking 
oscillator. 

The  detector  circuit  can  also  be 
used  in  an  f-m  receiver.  By  making 
the  Q  of  the  sum  frequency,  resonant 
circuit  considerably  higher  than  the 
Q  of  the  i-f  circuit,  the  sum  fre¬ 
quency  will  remain  practically  con¬ 
stant  during  operation;  the  i-f  will 
vary  in  frequency  following  the  sig¬ 
nal  frequency.  Note  that  in  this  ap¬ 
plication  the  detector  circuit  is  being 
used  as  a  converter.  Inasmuch  as  the 
amplitude  of  the  i-f  is  independent 
of  the  amplitude  of  the  r-f,  the  use 
of  this  t3T)e  of  conversion  detector 
eliminates  the  necessity  for  a  limiter 
stage.  Because  the  circuit  requires 
an  input  well  in  excess  of  its  thresh¬ 
old,  it  should  be  used  as  one  of  the 
later  detectors  in  a  multiple  i-f  type 
of  receiver. 


London  News  Letter 


Permoflux,  with  less  than  a  IV2  ounce  Alnico  Five  maqnet 
weight,  now  achieves  periormonce  in  permanent  magnet 
dynamic  speakers  up  to  6"  obtainable  only  before  by  using 
a  much  heavier  Alnico  Five  magnet. 

Like  other  Permoilux  developments  that  hove  as  notably 
demonstrated  their  superiority,  this  new  speaker  design  is 
destined  to  become  on  engineering  standard  wherever  light¬ 
ness  of  weight  and  efficient  acoustical  performance  ore 
important  considerations. 

We  invite  you  to  consider  the  advantages  of  this  outstand¬ 
ing  new  Permoflux  speaker  development  as  applied  to  your 
own  products. 

BUY  MORE  VICTORY  BONDS! 


PERMOFLUX  CORPORATION 


4900  WEST  GRAND  AVE.,  CHICAGO  39,  lU. 


PIONEER  MANUFACTURERS  OF  PERMANENT  MAGNET  DYNAMIC  TRANSDUCERS 


By  John  H.  Jupe 

Enfield,  England 

Response-Curve  Marker.  Usual 
methods  of  exhibiting  the  response 
curves  of  i-f  stages  on  a  cathode- 
ray  tube  do  not  afford  coordina¬ 
tion  between  the  response  curve 
and  the  quantities  of  frequency 
and  amplitude.  An  instrument 
which  overcomes  this  and  permits 
continuous  observation  of  the  re¬ 
sponse  curve  together  with  a  co¬ 
ordinate  system  indicating  fre¬ 
quency  and  amplitude  as  derived 
from  a  standard  signal  generator 
is  shown  in  the  accompanying  dia¬ 
gram. 

The  wobbulator  produces  the 
carrier  sweep  and  is  fitted  with  a 
limiter  stage  to  secure  constant 
output.  Either  mechanical  or  elec¬ 
tronic  sweep  can  be  used.  Coupled 
to  the  sweep  system  is  a  circuit 
which  produces  a  synchronising 
signal. 

The  calibrator  unit  produces  a 
gap  in  the  response  to  indicate  the 
frequency  to  which  the  signal  gen¬ 
erator  is  tuned.  Tuning  the  signal 
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generator  shifts  the  gap  along  the 
curve  as  traced  on  the  cathode-ray 
tube. 

Amplitude  is  mdicated  by  a  hori¬ 
zontal  line  which  can  be  shifted  up 
or  down  by  operating  the  attenu¬ 
ator  of  the  signal  generator.  In 
this  way  the  db  difference  between 


seli-sinE^chronlzing 

mch  facsimile 


Worlds  Fastest  and  Most  Accurate 
Communications  Equipment 


1  'iJi 


These 

^uon»«  ^ 


o,b7  ■*'“** 


•®i?o 


•4z>c 


*««n«  ?'»  4e  ^ 

'Cd*'"'**-  ‘^4 


Passaic,  N.  J.,U.S.A.  •  (New  York  Office,  10  East  40th  St.) 


Calibrator  introduces  marker  on  time 
base  at  point  corresponding  to  fre¬ 
quency  set  by  signal  generator  and 
also  proTides  a  controllable  amplitude 
line 


any  two  points  on  the  response 
curve  can  be  reproduced  on  the  at¬ 
tenuator  scale  of  the  signal  gen¬ 
erator. 

Any  point  on  the  filter  or  trans¬ 
former  characteristic  curve  can  be 
located  in  frequency  and  ampli¬ 
tude  by  this  arrangement. 


Electrostatic  Generator.  In  the 
Jour.  I.  E.  E.,  91,  No.  47,  F.  J.  Smee 
describes  an  electrostatic  gener¬ 
ator  of  the  Van  de  Graaff  type 
designed  for  an  output  of  1  ma  at 
700  kv,  and  having  minimum  over¬ 
all  height  and  floor  space  require¬ 
ment,  and  low  cost. 

Four  belts  of  3-ply  rubberized 
cotton,  1.4  millimeters  thick,  run¬ 
ning  side  by  side  were  used.  The 
outer  ones  were  26  inches  wide 
and  the  inner  ones,  18  inches. 
From  the  total  width  of  88  inches 
a  short-circuit  current  of  1.4  ma 
was  expected  and  when  tested,  the 
machine  delivered  1.7  to  1.8  ma 
with  the  belts  tight,  and  2.3  ma 
with  them  slack  enough  to  touch. 
The  linear  speed  of  the  belts  is 
4,600  feet  per  minute  and  they  are 


SIGNAL 

GENERATOR 


WOBBULATOR 


CALIBRATOR 


AMPLIFIER 
UNDER  TEST 
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A  weld  without  a 


I  M«eld  Thitk"*** 
electtiw*  sheets’ 


I’s  Gooran 

oUs  mode  t« 


This  photograph  illustrates  the  hair- 
smooth  butt-weld  on  Armco  Electri¬ 
cal  Steel  coils  made  from  hot  rolled 
sheets.  The  pencil  line  drawn  with  the 
welded  steel  held  vertically  shows 
there  is  no  extra  metal  at  the  weld. 

The  weld  is  guaranteed  to  be  within 
the  thickness  tolerance  of  the  steel, 

Armco  has  perfeaed  a  unique  weld¬ 
ing  method  to  give  you  Electrical 
Steel  coils  in  grades  where  cold  rolled 


practice  has  not  yet  been  developed  to 
assure  coils  of  highest  magnetic  qual¬ 
ity.  They  are  supplied  as  narrow  as 
one  inch. 

COILS  IN  ALL  ORADIS 

This  gives  you  the  fabricating  advan¬ 
tages  of  continuous  operations  for  all 
grades  of  silicon  steel.  You  can  save 
time,  labor  and  steel,  because  coils 
help  step  up  production  by  eliminat¬ 
ing  all  "hand-feeding”  to  presses.  And 


besides  being  easier  on  dies,  coils  have 
relatively  no  end-of-strip  scrap  losses. 

Armco  Electrical  grades  give  you 
steel  of  top  magnetic  quality  with  low 
core  loss  and  exceptional  permeabil¬ 
ity;  steel  that  is  ductile,  flat  and  clean¬ 
surfaced.  The  American  Rolling  Mill 
Company,  401  Curtis  Street,  Middle- 
town,  Ohio. 

Export:  Tho  Armco  International  Carporalian 


THE  AMERICAN  ROLLING  MILL  COMPANY 

SPECIAL-PURPOSE  SHEET  STEELS 

_ _ 
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DETROIT 


. . .  and  it's  not  at  all  surprising!  Men  who 
work  with  Insulation  day  in  and  day  out 
appreciate  the  Importance  of  research. 
These  men  know  Mat  for  years  INSUX 
has  meant  Research  Leadership.  To  them 
and  to  you,  INSL-X  Research  Leadership  Is 
a  guarantee  of  the  finest  In  Insulation. 


faforMoffy*  Ut^ratwn  Upoa  ftagaast 


CHICAGO 


THE  INSL-X  company  INC 

857  MEEKER  AVE..  BROOKLYN  22.  N.  Y. 


CLEVELAND 


LOS  ANGELES  • 
.  ST  LOUIS 


PHILADELPHIA 


driven  by  pulleys  4  inches  in 
diameter,  revolving  at  4,400  rpm. 

The  circuit  used  to  test  the  ma¬ 
chine  was  a  stack  of  wire-wound, 
oil-immersed  resistors  totaling 
734.6  megohms.  Output  voltage 
under  load  was  measured  by  short 
circuiting  the  resistors  of  the  series 
stack  one  by  one,  the  voltage  falling 
with  increase  of  load.  A  milH- 
ammeter  placed  at  the  earthed  end 
of  the  stack  measured  the  load 
current.  From  this  reading  and 
the  resistance  of  the  load,  the  out¬ 
put  voltage  was  determined. 

On  test,  the  generator  was 
found  to  have  an  almost  constant 
current  characteristic  which  is 
valuable  for  work  on  cyclotrons 
and  other  acceleration  tubes  be¬ 
cause  damage  cannot  be  caused 
by  flashover  or  vacuum  failure. 

The  highest  voltages  obtained 
from  the  machine,  measured  by 
the  spark  gap  method,  were,  with 
positive  excitation,  910  kv.,  with 
negative  excitation,  1,020  kv. 
These  voltages  taken  in  conjunc- 
tinon  with  current  output,  repre¬ 
sent  an  excellent  performance 
from  apparatus  9  feet,  4  inches 
high  and  only  4  feet,  9  inches  in 
diameter. 

A  typical  example  of  the  appli¬ 
cation  of  this  type  of  machine  to 
a  high  voltage,  medium  current 
x-ray  plant  is  the  installation  at 
the  Huntingdon  Memorial  Hos¬ 
pital,  Boston,  Mass.  This  plant 
operates  at  1,000  kv.  and  can  sup¬ 
ply  3  ma  at  the  target.  The  room 
housing  the  generator  and  tube  is 
approximately  15  feet  by  13  feet 
by  15  feet  high.  Target  and  treat¬ 
ment  room  are  on  the  floor  below. 

Ultraviolet  Death  Test.  In  modern 
warfare  a  surgeon  in  the  field  or  in 
a  civilian  area  being  subjected  to 
aerial  bombing  often  has  to  make 
rapid  decisions  as  to  whether  a 
person  is  dead  or  alive.  The 
patient's  life  may  depend  on  the 
rapidity  of  the  decision  quite  apart 
from  whether  there  are  others  on 
the  waiting  list  or  not.  The  prob¬ 
lem  is  complicated  by  the  fact  that 
usual  signs  of  death  may  not  yet  be 
present.  ’  However,  by  an  ultra¬ 
violet  light  a  definite  answer  can 
now  be  obtained  within  a  few 
seconds. 

The  technique  consists  of  in- 
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RATING: 

Fan  cooled,  100  Amp. 
charge  for  automotive  batteries. 

SIZE: 

Overall,  AVi'xSV^’xb" 


PROVEN  TO  BE  RELIABLE- 
EFFICIENT—  INTERCHANGEABLE  — 
and  now  AT  A  NEW  SPECIAL  PRICE! 


V4e  ia  SeUnium 


FULL  DATA 
ON  REQUEST 
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ERCO  RADIO  CONTROL  TOWER  EQUIPMENT 

used  by  world’s  largest  airport 

.  A  4600-acre  airport.  Hundreds  of  planes  coming  and  going  daily.  Split- 
second  control  of  aircraft,  in  flight  and  on  the  ground,  all  depending 
upon  the  effectiveness  and  reliability  of  tower  control  equipment. 

And  ERCO  radio  communication  equipment  selected  because  of 
its  high  degree  of  performance  and  reliability. 

ERCO'S  specialized  knovrledge  and  technique  in  building 
complete  airport  traffic  control  systems  is  reflected  In  the 
engineering  of  the  Idlewiid  installation.  Here,  all  com¬ 
ponents  assure  a  maximum  performance  greater  than 
required  ratings.  "Stand-by"  equipment  is  available 
for  emergencies.  Equipment  embodies  advanced 
features,  such  as:  Modulation  Indicator  which 
shows  degree  of  modulation  at  a  glance; 
constant  level  speech  and  mixing  amplifiers; 
tamper-proof  protection,  and  many  other 
unique  operational  advantages. 


Our  Engineering  Department  and  Re¬ 
search  Facilities  are  at  your  serv¬ 
ice  for  your  specific  requirements. 
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travenously  injecting  a  solution  of 
uramin  (a  sodium  or  potassium 
salt  of  fluorescein).  If  the  subject 
is  alive,  the  salt  passes  to  the  eyes 
within  12  to  18  seconds  and  fluor¬ 
escence  under  ultraviolet  light  is 
obtained,  whereas  if  the  subject  is 
dead  the  test  is  negative. 


Bimodal  Oscillator 

By  Samuel  Lubkin, 

Civilian  Director  Inspection  Laboratory 
Army  Signal  Corps,  Philadelphia,  Pa.  ’ 

In  beat-frequency  oscillators 
where  two  independent  oscillators 
are  used,  slight  frequency  changes 
in  one  oscillator  cause  large  changes 
in  the  heterodyne  frequency.  To 
counteract  this  instability,  both  fre¬ 
quencies  for  heterodyning  can  be 
obtained  from  the  same  circuit. 
Thus  changes  in  most  circuit  ele¬ 
ments  will  affect  both  beating  fre¬ 
quencies  equally  and  the  beat  fre¬ 
quency  will  be  but  little  changed. 

Dual-Frequency  Circuits 

Of  the  circuits  having  two,  con¬ 
trollable  modes  of  oscillation,  the 
one  consisting  of  two  identically 
tuned,  coupled  circuits  is  well 
known.  In  such  a  circuit,  illus¬ 
trated  in  Fig.  1,  the  beat  frequency 
can  be  controlled  by  varying  the 
coupling.  The  two  frequencies  of 
oscillation  of  such  a  circuit  are 

A  =  i  «  V(L  -  M)C 
f,  =  i  Tt  V  (f'  +  M)C 

Where  M  is  small  compared  to  L, 


ERCO  RADIO  LABORATORIES  ;  I 


HEMPSTEAD,  NEW  YORK  ■ 

Manufacturers  of  CUSTOM  BUILT  RADIO  APPARATUS 


Fig.  1 — ^Identical  circuits  coupled  to 
each  other  hare  two  resonant  frequen¬ 
cies 
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ASSURES 

CONSTANT 

IMPEDANCE 


for  all  positions 


^  DmMor$mY  l»did 
X>Baad 
Rotating 
Joint  #212 


rotating  element 


When  two  transmission  lines,  the  relative  positions  of 
which  are  variable,  are  coupled  by  a  rotating  joint, 
it  is  essential  that  the  impedance  be  constant  for  all 
positions  of  the  rotating  element. 

Varying  impedance  will  hove  a  pulling  effecHin  the 
R.  F.  oscillator  and  produce  a  variation  of  frequency 
and  power  output  due  to  a  changing  load.  The  reflec¬ 
tion  coefficient  of  the  transmission  line  will  also  vary. 

The  Voltage  Standing  Wave  Ratio  of  the  DeMornay- 
Budd  Rotating  Joint  is  the  same  for  either  direction  of 
power  transfer,  providing  balanced  energy  transfer 
for  both  directions.  Careful  engineering  and  precision 
finishing  eliminate  sharp  corners  or  small  radii  pro¬ 
jections  which  would  cause  arcing  and  breakdown. 


REFLECTOR 


- FEED  HORN 

ROTATING  JOINT 

FUT90*^ELB0W 


90*  TWIST 


DIRECTIONAL  COUPLER 


MlTEREa  ELBOW 


EDGE  90*  ELBOW 


OFFSET 


STRAIGHT  SECTION 


Our  extensive  engineering  and  manufacturing  ex¬ 
perience  with  wartime  radar  is  at  your  disposal. 
Consult  us  on  any  of  your  transmission  line  problems, 
without  obligation. 


LINE  STRETCHER 


Attoridt  Inclicat**  petition  ci  #212  Rotating  Joint  in 
above  phimbing  orrengoMont.  In  brood  band  fointt  R  it 
ntcettory  to  indede  impedonce  motching  devicet  twdi 
cn  hinb»g  pivgt  or  iritot  to  keep  die  Voltage  Standing 
Wove  Ratio  to  a  mininivin  and  the  mode  conttant. 

DeMornayJhfdd  Rototing  Jointt  ore  ovoRoble  wHfc 
either  didce  or  plain  flange  ^piing  or  ony  combinoHen. 


RECTANGULAR 
WAVE  GUIDE 


Sketch  Uietlrotet  a  method 
employed  by  DeMemoy  flwdd 
Mi  detignhig  a  rotating  fehit. 
The  Tf  i^mode  in  the  rectcm. 
gelor  wave  guide  b  dicmged 
to  a  TM_  ,  mode  in  the  chcelor 

wove  geide  oodr'os  a  retoR, 
a  260** '  rotation  con  bn  ob> 
Joined  wRhoot  ony  theoreHcol 
voriotien  in  V^WA.  . 


aRCULAR 
WAVE  GUtOE 


EQUIPMENT 

FOR 

97%  OF  ALL 
RADAR  SETS 


DEMORNAY-iUDD,  INC. 

475  GRAND  CONCOURSE  NEW  YORIC  N.  V. 
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EXPERIENCE 

COTO-COIL  enters  its  29tli  year  of  service 
to  the  electrical  industry.  For  28  years  .  . . 
through  two  wars  •  .  .  and  the  intervening 
years  of  peace,  Coto-Coil  has  designed  and 
produced  coil  windings  of  infinite  variety 
and  the  highest  standard  of  excellence. 

FACILITIES 

A  modern  building  with  a  half-acre  of  floor 
space  . . .  equipped  with  advanced  types  of 
coil  winding  machines  •  •  •  is  devoted  exclu¬ 
sively  to  precision  winding. 

DESIGN 

COTO-COIL  engineers  are  ready  at  all 
times  to  work  with  you  in  designing  coils  to 
meet  special  requirements  at  minimum  cost. 

'  Let  us  know  your  requirements. 

Coto-Coil  can  produce  the  windings. 

COTO-COIL  INC 

COIL  SPECIAUSTS  SINCE  1917 
66  PAVILION  AVL  PROVIDENCE  5.  R.  L 


IIMODAL  OSCILLATOR 

the  difference  frequency  is  /  - 

(3f/L)/o  where  /.  =  irzVLC 

is  the  independent  resonant  fre. 
quency  of  each  circuit. 

A  more  complete  analysis  shows 
that  if  the  circuit  constants  drift 
with  respect  to  each  other  either 
up  or  down  the  beat  frequency  in- 
creases,  thus  the  calibration  can  be 
deliberately  offset  in  anticipation  of 
possible  drifts.  In  beat-frequency 
oscillators  where  the  two  oscillator 
circuits  are  independent,  the  out¬ 
put  frequency  can  drift  either  up 
or  down  depending  on  the  relative 
direction  of  drift  of  the  two  oscil¬ 
lators.  Furthermore,  the  output 
frequency  of  the  bimodal  oscillator 
will  change  but  little  if  one  circuit 
mode  drifts  with  respect  to  the 
other. 

Variable-Frequency  Oscillators 

In  Fig.  1  it  is  preferable  to  vary 
the  coupling.  Varying  the  coupling 
leaves  the  mean  high  frequency  the 
same,  thus  simplifying  tuned-cir¬ 
cuit  and  filter  design,  and  produces 
a  wider  range  of  output  frequency. 
If  the  two  inductors  or  capacitors 
are  varied,  besides  tracking  difficul¬ 
ties,  all  frequencies  will  change  in 
the  same  proportion. 

The  circuit  shown  in  Fig.  2  uses 
a  variable  capacitor  instead  of  vari- 


Fig.  2 — Additton  of  capacitance  and  in¬ 
ductance  in  conunon  paths  proTidet 
finer  frequency  control 

able  coupling.  Lo  cancels  the  effect 
of  the  minimum  capacitance  of  C« 
permitting  control  by  the  latter  at 
small  difference  frequencies. 

Suitable  Oscillator  Circuits 

In  addition  to  the  two  foregoing 
circuits  there  are  other  combina¬ 
tions  which  have  two  modes  of  os¬ 
cillation.  Figure  3A  shows  a  trans¬ 
mission  line  used  for  this  purpose. 
The  difference  between  the  frequen¬ 
cies  of  the  two  lowest  modes  is 
closely  /  =  iic*CZ.  where  Z.  is  the 
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\Af  HAT  we've  learned  about  frequency  shift 
keying  we've  built  into  the  FSTK-1  to  combine 
the  very  latest  advantages  of  this  new  and  im¬ 
proved  system  of  radio  transmission. 

This  precision  unit  provides  the  basic  oscil¬ 
latory  circuit  shifted  by  the  signal  intelligence 
whether  it  be  Morse  code,  teleprinter,  pic¬ 
tures,  or  facsimile.  With  frequency  shift  emis¬ 
sion  it  is  possible  to  transmit  voice  as  an  AM 
component  simultaneously  with  the  FS  signal 


thereby  affording  two  independent  service 
channels  on  a  single  r-f  carrier. 

FSTK-1  is  universally  adaptable  to  any 
transmitter  and  will  increase  the  effective  ra¬ 
diated  power  more  than  ten  to  fifteen  deci¬ 
bels  by  greatly  improving  the  signal-to-noise 

ratio  of  the  received  signal. 

Engineering  Buiietin  3004  describing 
Frequency  Shiff  Operation  and  its  ad¬ 
vantages  together  with  a  bulletin  on 
FSTK-1  will  be  forwarded  at  your  request. 
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Now..  .  a  compact 

audio  signal  source  for 
laboratory  and  produc¬ 
tion  test  applications 
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The  Type  MR- 1 000  is  a  compact  source  of  audio  fre¬ 
quency  power  producing  up  to  35  MW  of  signal  energy 
at  output  impedances  of  500  or  5000  ohms. 

The  distortion  at  maximum  output  is  less  than  2%  over  all. 
The  built-in  attenuator  features  an  arbitrary  scale  of  I  to 
10  units. 

The  Type  MR- 1 000  operates  from  a  standard  source  of 
1 1 0  volts,  60  cycles. 

The  case,  panel  and  subchassis  are  aluminum.  A  re¬ 
movable  ventilator  panel  at  the  top  permits  easy  tube 
replacement. 

Using  a  new  type  of  oscillating  amplifier  circuit,  this  unit 
maintains  an  output  frequency  of  1000  cycles  at  plus  or 
minus  I  cps  over  24  hours  and  will  operate  continuously 
for  720  hours  with  a  variation  of  less  than  4  cps. 

OPERATION: — ^The  MR- 1 000  serves  to  replace  tuning 
forks  and  offers  a  source  of  audio  test  energy  for  bridges 
etc.  and  can  be  substituted  in  existing  test  positions  with¬ 
out  wiring  changes.  The  MR- 1 000  can  be  furnished  at 
frequencies  other  than  1000  cps  at  slight  additional  cost. 

SIZE:— 6I/4"  deep  x  5y4"  high  x  9I/4"  long. 

WEIGHT:— 131/2  lbs. 

PRICE: — $149.00  f.o.b.  Chicago— Guaranteed — 2  years. 

TELEVISO  PRODUCTS  CO. 

7466  IRVING  PARK  ROAD  CHICAGO  34.  ILL. 


BIMODAL  OSCILLATOR 


(coMinut^l 


characteristic  resistance  of  the  line 
In  other  circuits  containing  dig! 
tributed  parameters,  one  mode  and 
a  harmonic  of  another  can  be  used 
to  produce  a  heterodsme  freiiuencv 
Two  crystals  ground  to  identical 
frequencies  can  be  mechanically 
coupled  as  at  Fig.  3B  giving  the 
mechanical  equivalent  of  Fig.  qj. 
the  crystals  could  be  electrically 


Fig.  3 — Bimodol  circuits  can  be  ob* 
tainad  from  (A)  capacitance  shunted 
transmission  line,  (B)  mechanicallr 
coupled  crystals,  (C)  loaded  mechan¬ 
ical  system,  or  (D)  mechanically  cou¬ 
pled  electrical  circuits 

coupled.  Figure  3C  shows  a  mech¬ 
anical  analogy  to  a  circuit  contain¬ 
ing  distributed  parameters.  Two 
electrical  circuits  can  be  mechani¬ 
cally  coupled  as  at  Fig.  3D. 

Circuit  Coupling 

Several  methods  can  be  used  to 
sustain  the  two  oscillating  modes 
and  to  couple  out  from  the  circuit. 
Where  the  two  modes  differ  appreci¬ 
ably  in  frequency,  a  single  regen¬ 
erative  circuit,  or  two  regenerative 
paths  each  tuned  to  operate  at 
one  of  the  modes  can  be  used. 

If  the  two  modes  are  nearly 
equal  in  frequency,  there  may  be 
circuit  elements  which  operate 
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a  new  ond^  achievement 

end*  danger*  and  delays 
couioci  by 


Mounting  brocket 


wmciTY 


Rodiooctive  source 
of  oipbo',  rodtobon _ _ 

,  efficiency  ' 


of  ionization  3»n 


Effective  zone 


•  production  and  proces¬ 
sing  equipment  for 
cellulose  sheeting,  rub¬ 
ber,  synthetics 
•  textile  machinery 


•  coating  and  finishing 
machines 

.  winders,  folders,  bag- 
making  and  packag- 
tng  machines 
•  printing  presses  ^ 


•  Static  electricity  generated  by  friction  —  on  machines 
handling  materials  such  as  plastic  sheeting,  paper,  yams 
and  fabrics  —  need  no  longer  be  a  production  problem  or 
fire  hazard  for  you.  The  new  lONOTRON  Static  Eliminator 
continuously  removes  the  electrical  charges  which  cause 
the  product  to  curl  or  cohere,  or  which  may  result  in  ignition 
of  flammable  materials.  Moreover,  the  static  is  eliminated 
without  any  actual  contact  or  connection  with  the  material 
or  machine  at  the  points  where  the  charges  tend  to  build  up. 

How  lonofron  Units  iUminKife  Static 

fONOTRON  furnishes  a  continuous  source  of  alpha 
radiation  from  a  radioactive  surface  extending  over  the 
area  where  static  tends  to  accumulate.  This  radiation  ionizes 
the  air  in  this  critical  zone,  causing  it  to  become  conductive 
and  to  bleed-off  the  static  charge  before  a  sufficient  poten¬ 
tial  can  build  up  to  cause  trouble. 

First  Cost  is  Only  Cost 

Once  in  place  at  the  proper  location  on  your  equipment, 
an  IONOTRON  unit  involves  no  operating  expense.  There 
are  no  moving  parts,  no  connections  to  elertrical  power 
sources,  nothing  to  be  replaced  or  renewed.  The  active 


element,  a  strip  of  metal  foil  incorporating  radioactive 
material,  does  the  whole  job.  As  supplied  in  a  protective 
housing,  radiation  is  directed  for  high  effectiveness  and 
complete  safety  for  machine  operators. 

Although  installation  of  lONOTRON  units  requires  no 
redesign  or ‘major  change  in  your  equipment,  the  effective 
size^  shape  and  location  of  lONOTRON  units  are  best 
determined  by  application  specialists  of  U.  S.  Radium  Corpo¬ 
ration.  Write  today  for  Bulletin  8.1,  or  tell  us  your  indi¬ 
vidual  problem  for  more  speciflc  guidance.  U.S.  Radium 
Corporation,  Dept.  F.,  535  Pearl  Street,  New  York  7,  N.  Y. 

Other  Products  of  U,  S.  Radium 

LUMINESCENT  MATERIALS: .radioactive,  fluorescent, 
phosphorescent  •  LUMINOUS  DIALS:  radioactive,  fluores¬ 
cent  •  POWDERS:  cathode  ray  tube,  television  tube  • 
RADIUM  LOCATORS:  pendants,  lenses,  buttons,  screws, 
markers  •  RADIOACTIVE  FOILS:  (alpha-ray  ionization 
sources)  •  HIGH-ACCURACY  DIALS  (nonluminous)  • 
LUMINOUS  RETICLES  and  other  specialties  • 
SILHOUETTE  ILLUMINATION  of  clocks,  watches, 
and  instruments. 
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UNITED  STATES  RADIUM  CORDDRATION 

MAKERS  OF  UNDARK**  RADIUM  PRODUCTS  FOR  MORE  THAN  30  YEARS 

*Trod«-marl(  rag.  oppISad  for.  ** Trod* -mark  rag.  U.  S.  Eat.  Offka. 
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wholly  or  predominately  in  one  of 
the  two  modes.  These  elements  can 
then  be  connected  to  oscillating  cir¬ 
cuits  as  illustrated  in  Fig.  4,  Jq 
some  circuits  the  sum  of  two  prop¬ 
erly  chosen  voltages  will  give  one 
mode  and  the  difference  will  give 
the  other  mode.  Thus  by  properly 


^€U  can 


It's  another  “first"  for  Conant.  Now,  you  can  get, 
free  of  charge,  a  “New  Rectifier  Replacement 
Guide"  for  most  test  equipment.  You  can  know,  at  a 
glance,  the  correct  type  and  size  rectifier 
for  any  instrument  installation  or  repair  job. 

Write  for  your  “Guide"  today. 

RECTIFIER  SHIPMENTS  PREPAID 
Beginning  January  i,  1946,  every  order  (large  or 
small)  for  Conant  rectifiers  will  be  shipped 
to  you  prepaid.  It’s  just  another  trouble-saving, 
money-saving  Conant  service. 

REMEMBER,  over  90%  of  all  instrument  rectifier 
requirements  can  be  served  by  Conant's 
j  4  basic  assemblies  in  3  series  (500,  160  and  160-C). 
f  You  can  Count  On  Conant. 


6500  0  STREET,  LINCOLN  5,  NEBRASKA,  U.  S.  A. 

20  Vcsey  St.,  New  York  7,  Now  York  2017  Grand  Avo..  Kansas  City  8,  Mo.  1526  Ivy  St.,  Denver,  Colo. 

85  E.  Gay  St.,  Colwmbws,  Ohio  1212  Comp  St.,  Dallas  2,  Texas  42 14  Country  Chib  Dr.,  Long  Beach7,Cal. 

600  S.  Michigan  Ave.,  Chicago  5,  III.  378  Boulevard  N.  E.,  Atlanta,  Ga.  Export  Div.,  89  Brood  St.,  N.  Y.  4/  N.  Y. 

1215  Harnton  PI.,  Minneapolis  3,  Minn,  401 8  Greer  Ave.,  St.  Louis,  Mo.  50  Yarmouth  Rd.,  Toronto,  Canada 


Fig.  4 — ^Feedback  networks  for  sustain¬ 
ing  oscillations  can  be  connected  octom 
the  parts  of  the  bimodal  circuit  thot 
carry  but  one  mode 

combining  these  voltages  the  two 
frequencies  can  be  obtained  for  re¬ 
generation. 

It  is  also  possible  to  shock  excite 
the  bimodal  circuit.  It  will  then 
oscillate  in  both  modes,  which  can 
be  picked  off  and  used  both  to  pro¬ 
duce  the  desired  beat  frequency  and 
to  synchronize  the  pulse  exciter. 


Reduced  Harmonic  Voltage 
Across  Rectifiers 

By  Mendel  Osnos 

TeUfunken  Oeselltchaft  Jur  Drahtote 
Telegraphic  m.  h.  H. 

Patented  Oct.  t,  J9S4j  A'o,  i,»75,647 

Filters  conventionally  consist  of 
a  smoothing  capacitor  C  shunting 
the  load  B  of  Fig.  1.  In  addition 
I  they  may  contain  a  series  inductor 
which  can  be  shunted  by  an  addi¬ 
tional  capacitor  C  and  the  combina¬ 
tion  tuned  to  the  most  objectionable 
harmonic  in  the  rectifier  output.  The 
result  of  this  latter  circuit,  whether 
it  be  resonated  or  not,  is  to  develop 
undesirably  large  harmonic  voltages 
across  the  rectifier  tubes.  The  pur¬ 
pose  of  the  circuit  of  this  invention 
is  to  reduce  this  harmonic  potential 
appearing  across  the  tubes. 

Shunt  capacitors  C,  are  placed 
across  each  tube.  Experiments  have 
shown  that,  in  addition  to  relieving 
the  harmonic  potential  across  the 
tubes,  these  capacitors  reduce  to  20 
to  25  percent  of  its  original  ampH- 
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how  to  braze  18  pieces  into  6  units 


Cutting  costs  by  reducing  assembly 
time  is  a  neat  trick  . . .  and  here’s 
how  you  can  do  it.  with  induction 
heating. 

The  normal  method  of  flame 
brazing  this  three*piece,  steel  tube 
assembly  did  as  well  as  any  other 
technique  then  available.  But  pro* 
duction  was  pitifully  slow.  It  took 
minutes  to  complete  one  entire  unit. 

By  designing  a  jig  like  the  one 
shown  above,  a  simplified,  efficient 
system  was  found  to  do  the  job. 
The  fixture  held  6  complete  units 
(18  separate  pieces)  in  place  firmly 
while  a  standard  Westinghouse 


20*kw  generator  brazed  all  six 
uniformly  in  7  seconds!  Final  oper¬ 
ation  was  so  simple  a  girl  could 
easily  handle  the  assembly  and 
brazing. 

The  beauty  of  electronic  heating 
is  its  unmatched  ability  to  do  all 
types  of  heat-treating  jobs  quickly 
. . .  annealing,  hardening,  sintering, 
soldering,  curing,  bonding  and 
molding.  Ask  your  Westinghouse 
office  today  for  all  the  facts  on  induc¬ 
tion  heating  and  where  it  fits  your 
operations.  Or  write  Westinghouse 
Electric  Corporation,  P.O.  Box  868, 
Pittsburgh  30  Penna.  J.O8143 

^house 
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REDUCED  HARMONICS 


tude  the  alternating  current  flowing 
in  load  i2,  indicating  that  the  capac- 
itances  substantially  absorb  these 
current  variations. 

Capacitors  Ci  also  can  be  propor¬ 
tioned  so  that  at  the  same  time  they 
improve  the  power  factor  of  the 
rectifier  input.  In  large  rectifier 
installations  where  reactors  are 
provided  in  the  alternating-current 
circuit  as  protection  in  case  of  flash- 


GIBBS  MICROPOT 

PRECISION  m  TURN  POTENTIOMETER 


Hq.  1 — ^Two  warm  r«cfifi«r  to  which  the 
circuit  is  oppliod  illnstrotM  tho  action  in 
rolioTinq  harmonic  potontials.  Tho  drcnit 
con  bo  usod  in  throo  phoso  roctifien 
.as  woU 


and  here  are  the  reasons  why! 


1  Moulding  of  resistance  element 
as  integral  part  of  housine  solid- 


7  The  43*4"  length  of  resistance 
element  aives  vou  a  finer  resolu- 


A  as  integral  part  of  housing  solid¬ 
ly  locks  every  turn  of  resistance  wire 
in  place — No  loosening  or  shifting. 


M  element  gives  you  a  finer  resolu¬ 
tion. 


8  The  resistance  wire  .used  in  the 
element,  is  processed  through 
diamond  finishing  dies  in  our  lab¬ 
oratories  to  insure  a  constant,  uni¬ 
form  resistance  over  its  entire  length. 


2  Precision  ground,  stainless  steel, 
double  thread,  lead  screw  euides 


M  double  thread,  lead  screw  guides 
the  rotating  contact,  guarantees 
smooth  action,  low  uniform  torque 
and  accurate  settings— perm<men//y. 


WU/Tf  TODAY! 


3  Rotor  assembly,  supported  on  two 
bearings,  assures  long  life  and 


W  bearings,  assures  long  life  and 
low  torque. 


For  engineering  s^ifications  and  numer¬ 
ous  recommended  applications.  Submit 
any  problems  to  our  engineering  suff  for 
recommendations.  Units  for  immediate 
shipment  —  1,000  to  30,000  ohm  range. 
Spraal  resistance  values  made  to  orikr. 


4  The  Gibbs  10  turn  Micropot  has 
terminals  moulded-in  as  integral 


«  terminals  moulded-in  as  integral 
part  of  housing. 


5  Ends  of  resistance  element  sol¬ 
dered  to  terminals  before  mould- 


overs,  these  tube  shunt  capacitors 
can  be  used  to  offset  their  deleteri¬ 
ous  effect  on  the  power  factor. 

Because  of  the  large  current  that 
one  of  the  capacitors  Cx  can  deliver 
to  its  tube  should  it  flash  over,  in¬ 
ductors  Lx  are  added  in  series  with 
capacitors  Ci.  The  series  circuit 
L,Ci  is  tuned  to  resonate  at  the 
harmonic  most  prominent  in  the  cir¬ 
cuit.  The  series  circuit  is  thus  still 
predominantly  capacitive  at  the 
power  fundamental,  and  thus  power 
factor  improvement  is  still  possible. 


6  Anti  backlash  spring  in*  contact 
guide — assures  you  positive  set- 


ting  and  resetting. 


division  of 


OtU.RN.  WISCONSIN 


Hotel  patrons  want  television  sets 
in  their  rooms  as  soon  as  full  scale 
production  is  under  way.  In  surveys 
recently  taken,  a  majority  recorded 
a  preference  for  a  central  system. 


B 
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For  filament  pre-heatins  and 
other  time-delay  applications 


Enclosed! 

Dust-proof! 


6  star  features 


A  compact  unit  unusually  small  in  size  (3-7/16"x3-l/4" 
X2-11/16"). 

Unvarying  accuracy  of  delay  period  assured  by  use  of  syn¬ 
chronous  motor  drive. 

High  contact  capacity  provided  by  contacts  rated  at  10 
amperes.  125  volts.  A.C.  Non-inductive  load. 

Belay  resets  instantly  wnen  coil  is  de-energized. 

Characteristic  rugged  construction  insures  complete  depend¬ 
ability. 

Available  in  Single  Pole  Normally  Open.  Single  Pole  Norm¬ 
ally  Closed,  Single  Pole  Double  Throw,  with  delay  period  of 
from  one  to  ten  minutes.  Phenolic  insulation.  Available  for  / 
front  or  back  connection.  / 

Your  individual  requirements  will  receive  our  special  con-/ j 
sideration.  ,  » 


SMALL  SIZE 
ACCURACY 

HIGH  CONTACT  CAPACITY 
RESETS  INSTANTLY 
DEPENDABLE 
LOW  PRICE 


Complete  details  on  this  Time  Dehy  end  the 
many  other  Belays  in  the  Price  line  are 
described  in  our  catalog.  Write  lor  your 
copy  today. 
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NEWS  OF  THE  INDUSTRY 

Radiation  Lab  book  series;,  radio-controlled  aircraft; 
FCC  allocation  changes;  report  on  German  electronic 
equipment  industry;  more  engineers  change  jobs 


IRE  Awards  for  1945 

War  contributions  subsequent  to 
January  1,  1940  were  not  considered 
in  the  selection  of  recipients  for  the 
January  1946  awards  made  by  the 
Institute  of  Radio  Engineers,  be¬ 
cause  too  short  a  time  had  elapsed 
since  the  end  of  the  war  to  appraise 
properly  the  work  of  the  many  indi¬ 
vidual  contributors.  The  two  main 
awards  and  their  official  citations 
are: 

Medal  of  Honor — to  Ralph  Vinton 
Hartley,  Engineer,  Bell  Telephone 
Laboratories,  New  York,  N.  Y. — For 
his  early  work  on  oscillating  circuits 
employing  triode  tubes  and  likewise 
for  his  early  recognition  and  clear 
exposition  of  the  fundamental  rela¬ 
tionship  between  the  total  amount 
of  information  which  may  be  trans- 


R.  V.  L.  Hartley  P.  C.  Goldmark 

mitted  over  a  transmission  system  of 
limited  bandwidth  and  the  time  re¬ 
quired. 

Morris  Liebmann  Memorial 
Prize — to  Peter  C.  Goldmark,  Engi¬ 
neer,  Columbia  Broadcasting  System, 
New  York,  N.  Y. — For  his  contribu¬ 
tions  to  the  development  of  television 
systems,  particularly  in  the  field  of 
color 


Television  Progress  Report 


To  BRING  THE  PUBLIC  up  to  date  on 
television  progress,  RCA  took  re¬ 
porters  and  editors  through  their 
television  laboratories  at  Princeton 
on  December  13,  demonstrating  for 


them  the  best  black  and  white  pic¬ 
tures  attainable  when  the  war 
snuffed  out  television  research  and 
the  best  present-day  pictures.  These 
demonstrations  originated  in  the 


NBC  television  studios  in  New  York 
City  and  were  picked  up  in  Prince- 
ton  from  the  Empire  State  trans¬ 
mitter  some  47  miles  away.  In  addi¬ 
tion,  RCA  picked  up  live  talent  in  the 
Princeton  laboratory  studio,  and  de¬ 
livered  a  full-color  picture  to  the 
guests  at  the  Princeton  Inn,  2\  miles 
away. 

Side  by  side  the  pre-war  direct 
viewing  picture  could  be  compared 
with  what  is  now  possible.  The  im¬ 
provement  in  overall  brightness  and 
contrast  was  clearly  visible  to  all. 
With  house  lights  on,  the  pre-war 
picture  faded  out,  swamped  by  the 
ambient  illumination,  while  the 
newer  instrument  seemed  to  suffer 
very  little  under  increased  room  il¬ 
lumination. 

The  audience  could  compare  pro¬ 
jection  pictures  now  ready  for  the 
market  and  the  bigger  and  brighter 
pictures  now  attainable  only  in  the 
laboratory.  The  sets  demonstrated 
showed  that  those  not  bothered  by 
the  obsolescence  bugaboo  can  have 
home  television  that  is  bright  and 
full  of  detail  as  soon  as  manufac¬ 
turers  are  able  to  put  the  sets  on  the 
market.  Those  who  wish  to  wait  for 
the  millenium  of  color  television  will, 
according  to  RCA  engineers  and  Mr. 
Sarnoff,  miss  about  five  years  of  the 
fun  of  having  television  at  home. 

The  brighter  and  more  contrasty 
black  and  white  pictures  give  the  il- 
lustion  of  having  much  more  detail 
than  the  pre-war  images.  Major  re¬ 
search  will  probably  aim  at  improv- 
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FIXED-FREQUENCY 

TRANSMIHERS 
RECEIVERS 
ANTENNAS 
AM  or  FM 


•  *  '  -  .T 

■  V  ' 

Inferior  view  of 
Fixed-Frequency  fleceiver 


Recommended 
for — 

FIRE  and 
POLICE  WORK 

FORESTRY 

TELEVISION 

RELAYS 

INDUSTRIAL 

APPLICATIONS 


Engineered 

to  Fit  Any  Requirement ! 

LAVOIE  NEW  COMPLETE  COMMUNICATIONS  SYSTEMS  for  any  application 
operating  on  any  frequency  between  100  and  3000  megacycles,  provide  all 
necessary  equipment  for  consistent  efficient  economical  performance.  Engi¬ 
neered  surveys  of  terrain  assure  adequate  power  for  attenuation,  correct  antenna 
type  and  other  factors  necessary  to  good  transmission  and  reception.  LAVOIE 
Svstems  are  custom-built  for  ^gle  or  multiple  fixed  frequencies,  os  desired. 

QUICK  FACTS;  Cryital-conlrolled  oscillator  circuits  embody  new,  high-efficiency  harmonic  gener¬ 
ators.  Receiver  characteristics  include  a  sensitivity  of  3  microvolts  at  antenna  terminals  with  a 
signal-to-noise  ratio  of  3  to  1.  ond  30%  modulation  for  AM.  Audio  output  power — 5  watts. 

e  7/  you  will  state  your  general  requirements,  details 
and  approximate  costs  will  be  furnished  promptly. 


RADIO  ENGINEERS  AND  MANUFACTURERS 

MORGANVILLE.  N.  I. 


Specialists  in  the  Development  and  Manufacture  of  UHF  Equipment 
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It  doesn’t  matter  to 

€•  M.  H*  Stainless  Steel  Bellows! 


You  can’t  choose  the  temperatures  of  each  bellows  application, 
but  you  can  use  a  product  engineered  to  perform  with  equal  effi¬ 
ciency  ...  at  both  ends  of  the  thermometer!  We  mean  C.M.H. 
Bellows,  made  of  18-8  Austenitic  Stainless  Steel,  with  a  working 
range  of  sub-zero  to  a  scaling  point  of  1800°  F. — wide  enough  to 
meet  practically  any  heat  or  cold  requirement. 

Notice  below  the  other  advantages  stainless  steel  and  C.M.H. 
design  bring  you.  Check  and  compare . . .  and  we  think  you’ll  want 
the  full  story  of  C.M.H.  Stainless  Steel  Bellows! 

Ask  for  Chicago  Metal  Hose  Form  SS  B  2  on  which  to 
submit  your  bellows  requirements.  It  will  save  you  time 
.  .  .  assure  more  accurate  transmittal  of  essential  data. 


ic  Corrosion  resistant  qualities  of 
stainless  steel  enable  wider  appli¬ 
cation  of  CM.H.  BELLOWS. 

if  Multiple  ply  construction  gives  even 
greater  strength  factors  when  needed. 

if  Ferrous  fittings,  attached  by  Cir¬ 
cular  Seam  Welding,  assure  perma¬ 
nent,  leakproof  foints. 

if  Uni-metal  assemblies  avoid  the 


costly  troubles  encountered  where  bi¬ 
metal  types  or  solder  joints  are  used. 

if  Long  lengths  are  standard  produc¬ 
tion  permitting  economical  use  of 
C.M.H.  Stainless  Steel  BELLOWS  for 
many  unusual  types  of  applications. 

if  Better  delivery  schedules  are  pos¬ 
sible  because  C.M.H.  BELLOWS  are 
standard  production  products. 


Flexible  Metal  Hose  for  Every  Industrial  Use 


CHICAGO  mGTALHOSG  CorporatTon 

I  I  I  I  I  mRVUIOOD,  IUIN0I8 


•Plants  t  Maywood  and  Elgin,  III. 


ing  the  large-screen  projection  syg. 
terns  for  home  television  receivers 

10,000-Mc  Color  Circuit 

The  color  pickup  from  live  talent 
employed  the  method  of  splitting  the 
scene  into  its  three  constituent  col¬ 
ors — red,  green  and  blue — by  me- 
chanical  filters,  transmitting  the 
three  portions  on  a  common  carrier 
and  putting  the  components  back  to¬ 
gether  at  the  receiver.  According  to 
Mr.  Sarnolf,  no  all-electronic  method 
of  color  transmission  is  yet  available 
and  in  his  opinion  color  is  not  ready 
for  the  home  until  the  mechanical 
filter  arrangement  can  be  done  away 
with  in  favor  of  electronics. 

In  a  method  similar  to  variable- 
area  sound  recording  on  film,  the 
sound  in  the  color  demonstration  was 
put  on  the  “edge”  of  the  picture,  the 
serrated  border  showing  up  in  its 
characteristic  form  when  proper  ad¬ 
justments  were  made  to  bring  the 
edge  of  the  picture  to  the  center  of 
the  screen.  Actually,  the  sound  was 
transmitted  on  the  same  channel  as 
the  visual  images,  going  on  the  air  in 
the  periods  between  synchronizing 
pulses. 

The  transmitter  at  the  labora¬ 
tories  supplied  an  output  of  approxi¬ 
mately  1/20  watt  on  a  carrier  fre¬ 
quency  of  10,000  me  to  a  directional 
antenna.  A  velocity  modulation  tube 
furnished  the  output  power  at  the 
transmitter.  A  channel  approxi¬ 
mately  12  me  wide  was  required. 

The  images  at  the  receiver  were 
exceedingly  colorful  and  of  good  con¬ 
trast.  A  slight  Acker  was  visible,  due 
to  the  fact  that  the  number  of  frames 
had  been  reduced  by  a  factor  of  three 
compared  to  black  and  white  systems. 
The  line  detail  was  the  same  as 
black  and  white  images,  525  lines. 

Included  in  the  demonstration  was 
a  system  of  stereo  or  three-dimen¬ 
sional  color  transmission  in  which 
the  pickup  scene  and  the  received 
images  were  split  into  two  halves, 
right  and  left,  by  means  of  Polaroid. 
Lookers-in  used  Polaroid  glasses  over 
the  eyes  to  bring  out  the  three-di¬ 
mensional  effect. 


Radiation  Lab  Book  Series 

Publication  of  thfe  Radiation  Labo¬ 
ratory  Technical  Series,  comprising 
twenty-eight  books  and  a  general 
index,  will  be  undertaken  by  the 
McGraw-Hill  Book  Co.  under  an 
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ihich  one  is  yours? 

ROLLING  OFF  THE  PRODUCTION  LINE- 


Using  th*  Armstrong  Dual  Channel 
Direct  Crystal  Controlled  Modulator 

Wire  for  Ballotio  #  5006  for  Complete  Engi- 
■eeriag  l■formation  on  this  transmitter 

Other  REL  FM  Broadcast  Equipment  Available 
tor  Ordering 

CAT.  NO. 

250  Watt  FM  Broadcast  Transmitter  —  549  A-DL 
3000  Watt  FM  Broadcast  Transmitter  —  519  A-DL 
10,000  Watt  FM  Broadcast  Transmitter  —  520  A-DL 

Speech  Equipment 

Cat.  603  —  Studio  Speech  Console,  Table  Type, 
6  position 

Cat.  604  —  Station  Speech  Console, 

Table  Type,  combined  with  Cat.  600 
Monitor  and  transmitter  desk  control. 

Monitoring  Equipment 

Cat.  600 — FM  Station  Frequency  and  Modulation 
Monitor 


RFL 


Safes  Kepresenfatives 


SOUTHEAST 
JOHN  F«  BIVINS 

1006  Wellington  Rd..  Highpoint.  N.  Carolina 


ELECTRONIC  SUPPLY  CO. 

12  North  Main  St..  Andoreon,  S.  Carolina 


EFFICIENT 

PERFORMANCE 


MICHIGAN 


M.  N.  DUFFY  A  CO..  INC. 

2040  firand  River  Avo.  W.,  Detroit,  Mich 


MIDWEST 

REL  EQUIPMENT  SALES.  INC. 
612  N.  Michigan  Blvd..  Chicago.  IIL 


PACIFIC  COAST 

, NORMAN  B.  NEELY  ENTERPRISES 
7422  Molroaa  Avoneo,  Hollywood  46.  Cal 


PIONEER  MANUFACTURER  OF  FM  TRANSMITTERS  EMPLOYING  ARMSTRONG  PHASE-SHIFT  MODULATION 


RADIO  ENGINEERING  LARS.,  INC. 

r  N .  Y. 
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arrangement  with  the  Massachusetts 
Institute  of  Technology,  acting  for 
the  Office  of  Scientific  Research  and 
Development.  The  purpose  of  the 
series  is  to  make  available  to  science 
industry,  and  the  public  generally 
the  results  of  the  immense  develop¬ 
ments  in  electronics  and  in  micro- 
wave  theory  and  technique  during 
the  war  years,  thereby  providing 
the  engineering  foundation  for  post¬ 
war  industrial  developments  in  tele¬ 
vision,  communications,  and  elec¬ 
tronics. 

For  the  first  time,  the  technical 
literature  of  a  large  subject  is  being 
created  all  at  once,  on  a  uniform 
basis.  Emphasis  in  the  series  will 
not  be  on  radar  itself,  but  rather 
on  the  basic  techniques  which  under¬ 
lie  many  phases  of  electronics  in 
addition  to  radar.  Royalties  on  the 
sale  of  the  books  will  be  paid  to  the 
U.  S.  Treasury. 

Books  of  the  series  are  being  writ¬ 
ten  chiefly  by  staff  members  of  the 
Radiation  Laboratory,  but  will  in¬ 
clude  the  results  of  work  on  radar 
done  in  British  development  estab¬ 
lishments  and  in  industrial  labora¬ 
tories  both  here  and  in  England. 
Several  British  scientists  have  come 
to  M.I.T.  to  cooperate  in  the  prep¬ 
aration  of  the  series. 

The  books  cover  many  fields  hav¬ 
ing  great  scientific  and  engineering 
importance,  including  precise  timing 
techniques,  new  methods  of  cathode- 
ray  tube  display,  generation,  trans¬ 
mission,  and  radiation  of  high-power 
microwaves,  and  broadband  ampli¬ 
fier  techniques.  Twenty-four  of  the 
titles  planned  for  the  series  follow. 

VHF  Generators 

The  generation  of  high  power 
microwaves  is  dealt  with  in  a  book 
on  “Microwave  Magnetrons”  which 
presents  the  theory  of  operation  of 
these  oscillators  as  well  as  practical 
design  considerations  and  operating 
techniques. 

“Low  Power  Microwave  Tubes” 
deals  principally  with  the  properties 
of  reflex  klystrons  and  lighthouse 
tubes  when  used  as  oscillators,  am¬ 
plifiers,  rectifiers,  and  mixers. 

Production  of  accurately  timed 
pulses  having  various  waveforms  at 
high  and  very  high  peak  powers  is 
treated  in  “Pulse  Generators.” 

Waveguides 

Transmission  line  and  waveguide 
techniques  are  discussed  exhaus- 


MOTORS  for 
ELECTRONIC 
APPLICATIONS 


Cut  shows  one  of  many  types  and  sizes  of  Ohio  Motors  de¬ 
signed  for  driving  Electronic  Devices. 


1/100  to  2  HP.— A.C. 

1/100  to  1  HP.— D.C. 

1/100  to  Vt  HP. — A.C.  Synchronous. 

1  to  100  os.  ft.  A.C.  Torqoo. 

Sholl  tfp*  motors  for  built-in  opplicotions  to  4  HP.^ — ^D.C.  and  to  7Vit  HP. — A.C. 

All  usual  Toltagos  and  cyclos. 

Wbott  is  your  problem? 

THE  OHIO  ELECTRIC  MANUFACTURING  CO. 

5908  MAURICE  AVENUE.  CLEVELAND  4.  OHIO 
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Every  solenoid  used  by  any  branch  of 
the  armed  forces  —  bring  all  automatic 
weapons  from  .30  calibre  machine  guns 
to  105  mm.  cannon  —  was  developed  by 
Magnavox.  With  this  experience  in  the  files  and 
minds  of  our  engineers,  we’re  able  to  pass  on  to  you 


many  new  developments  in  the  design  and  quantity- 
production  of  solenoids.  Perhaps  we  can  help 
you  "find  the  answer  to  your  solenoid  questions. 
Our  technical  department  is  available  for  infor¬ 
mation  and  advice.  The  Magnavox  Company, 
Special  Devices  Division,  Fort  Wayne  4,  Ind. 
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SOLENOIDS  •  ELECTRONIC 


EQUIPMENT 

257 


Pincor  BX  motors,  in  their  classification,  meet  the  varied 
requirements  of  manufacturers  who  demand  light  weight, 
compact  motors  for  efficient  and  dependable  application. 
Pincor  BX  motors  are  direct  drive,  ball  bearings,  high  speed 
units  wound  for  continuous  or  intermittent  duty.  Shunt,  series 
or  split  series  windings  are  for  operation  on  12  to  24  volt 
battery  systems  currently  used  and  may  be  easily  modified  to 
meet  your  product  demand. 

Depend  on  these  rugged  Pincor  quality-proven  motors  in 
the  BX  series.  Send  your  problem  to  Pioneer  engineers  and 
let  them  put  their  years  of  experience  to  work  for  you.  Con¬ 
sultation  with  these  men  will  not  obligate  you  in  the  least. 

DYNAMOTORS  •  CONVERTERS  •  GENERATORS 
POWER  PLANTS  •  GEN-E-MOTORS 


PIONEER  GEN-E-MOTOR 


BUY  MORE  BONDS! 


5841-49  DICKENS  AVENUE  CHICAGO  39,  ILLINOIS 

Export  Of^'Cr  25  v‘''a''en  St'. Nt  w  York  7,  U.5.A. 
Cob’-  Address  S-nionAi-  N.,  '' 


lively.  “The  , Theory  of  Guided 
Waves”  develops  a  basic  theory  of 
electromagnetic  waves  in  wave¬ 
guides.  This  draws  from  conven¬ 
tional  field  theory,  circuit  theory 
and  transmission  line  theory,  but 
is  directed  to  the  solution  of  prob¬ 
lems  of  importance  in  the  microwave 
region.  Maximum  use  of  engineer¬ 
ing  concepts  is  made. 

A  “Waveguide  Handbook”  collects 
the  analytical  results  given  by  the 
theory  and  presents  ail  available 
numerical  and  experimental  results 
in  graphic  form,  chosen  to  be  most 
convenient  for  practical  circuit 
design. 

“The  Principles  of  Microwave 
Circuits”  develops  a  generalization 
of  low-frequency  network  theory  and 
of  the  impedance  concept.  The  prop¬ 
erties  of  waveguide  circuit  elements 
and  devices  are  developed  and  dis¬ 
cussed  in  terms  of  this  generaliza¬ 
tion. 

“Microwave  Transmission  Cir¬ 
cuits”  treats  from  a  practical  point 
of  view  the  same  general  matters. 
Design  principles  for  connectors, 
rotary  joints,  and  other  waveguide 
and  transmission  line  devices  will  be 
discussed,  and  examples  of  success¬ 
ful  designs  given. 

“The  Techniques  of  Microwave 
Measurements”  describes  in  detail 
the  methods  for  measuring  power 
and  attenuation  at  high  and  low 
level,  standing  wave  measurements, 
means  for  accurate  determination  of 
wavelength  and  frequency,  r-f  spec¬ 
trum  and  pulse  shape,  and  other 
means  of  measurement  peculiar  to 
the  microwave  field. 

Antennas  and  Propagation 

“Microwave  Antenna  Theory  and 
Design”  provides  a  survey  of  theory 
and  design  techniques  for  micro- 
wave  antennas,  a  discussion  of 
antenna  measurement  methods,  and 
an  indication  of  special  methods 
used  in  antenna  production. 

“Propagation  of  Short  Radio 
Waves  in  the  Troposphere”  sum¬ 
marizes  the  extensive  wartime  in¬ 
vestigations  of  the  propagation 
characteristics  of  radiation  at  fre¬ 
quencies  too  High  to  be  affected  by 
the  ionosphere.  The  theory  of 
atmospheric  refraction,  the  meteor¬ 
ology  of  the  refraction  problem, 
and  the  experimental  approach  to 
the  refraction  problem  will  be  fol¬ 
lowed  by  a  treatment  of  matters 
which  include  target  properties, 
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permanent  magnets  may  do  it  better 
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Heat  Treating  tor  Highest  Magnet  Efficiency 

Proper  techniques  of  heat  treatment  and  cooling  Company.  These  furnaces  were  especially  designed 
must  be  applied  to  produce  the  highest  magnetic  to  provide  the  necessary  temperature  zones  to 


qualities  in  the  various  permanent  mag¬ 
net  materials.  The  Alnico  alloys,  for 
instance,  require  extremely  high  tem¬ 
peratures  and  must  be  cooled  at  a  care- 
f^ully  controlled  rate,  Alnico  V  being 
placed  in  a  strong  magnetic  field  during 
cooling,  after  which  they  must  be  drawn 
at  precisely  controlled  temperatures.  Ex¬ 
actness  is  imperative  in  these  operations. 

To  provide  the  proper  temperature 
cycles,  continuous  electric  furnaces  are 
utilized  at  The  Indiana  Steel  Products 


produce  highest  magnetic  quality,  each 
one  being  controlled  separately  by  an 
automatic  pyrometer. 

Our  engineers  will  be  glad  to  con¬ 
sult  with  you  on  any  problems  on  the 
use  and  application  of  permanent  mag¬ 
nets.  For  information  on  permanent 
magnet  application,  design  and  mate¬ 
rials,  write  for  the  new  technical  “Per¬ 
manent  Magnet  Manual.”  *rhe  Indiana 
Steel  Products  Company  y  6  North  Michigan 
Avenue,  Chicago  2,  Illinois. 


Copyright  1946,  The  ladiaoa  Steel  Products  Co. 


THE  INDIANA  STEEL 

6  NORTH  MICHIGAN  AVENUE,  CHICAGO  2,  ILLINOIS 


PRODUCTS  COMPANY 

SPECIALISTS  IN  PERMANENT  MAGNETS  SINCE  1910 


SPECIALIZATION 

Moldite  iron  cores  arc  prodnetd 
by  speciallits  enpaged  oxelo* 
•Ivoly  in  the  manufacturing  of 
iron  core*.  A  compieta  lino  of 
magnetic  Iron  cores.  For  nso 
at  all  frequencies  including 
television  and  FM  is  now 
available. 

ENGINEERING 

It  is  a  simple  matter  for 
Moldite  engineers  to  tit  tho 
right  core  to  your  particular 
coil  for  the  best  results. 
Moldite  engineers  are  thor* 
oughly  familiar  with  every 
iron  core  application  and  will 
be  glad  to  assist  you  in  deter* 
mining  which  of  these  com* 
ponents  can  best  satisfy  yoir 
requirements. 

PRODUCTION 

With  our  vastly  expanded  pro* 
duction  facilities,  wo  are  In 
the  position  to  meet  your 
urgent  iron  core  requirements. 
Quality,  economy  and  depend* 
ability  are  assured. 

SAMPLES 

Moldite  sample  iron  cores  will 
bo  submitted  for  design,  test 
and  pre.produetion  purposes 
upon  receipt  of  your  request. 
Use  Moldite  material  grade 
designations  to  insure  prompt 
and  exact  duplication  of  tho 
required  cores.  Specify 
“MOLDITE”  for  “QUAL* 
ITY.” 


ptRMtAWU^ 


25  MONTGOMERY  STREET 


HILLSIDE  5,  NEW  JERSEY 


SALES  REPRESENTATIVES 

VIDDIF  ATLANTIC  STA-'ES  _  v  D  WESTERN  STaUS 

.(■■A  D  Lo-t*-.Co.  Ho'cicKode' 

No  Broad  S'  Ph  'aJo  p*  c  Po  .  N  D'  Cricoqi 


WISmN  STATnt  J.  J.  POrMh  AssocMm,  M2  Mopl*  Awmhm,  Lm  Aii««Im  IS.  Callfeniia 


ground  and  sea  clutter,  and  molecu¬ 
lar  absorption. 

Components 

“Crystal  Rectifiers”  discusses  the 
theory,  properties,  manufacture,  and 
use  of  the  silicon  and  germanium 
point  contact  rectifiers  which  have 
been  developed  for  use  as  microwave 
converters  and  other  circuit  applica¬ 
tions. 

“Microwave  Receiving  Circuits” 
deals  with  the  problem  of  frequency 
conversion  and  duplexing.  Means 
of  afe  for  a  local  oscillator  are  dis¬ 
cussed,  as  are  designs  of  mixers  and 
duplexing  assemblies. 

A  series  of  works  on  the  design 
and  application  of  vacuum-tube  cir¬ 
cuits  is  opened  with  the  “Com¬ 
ponents  Handbook”  in  which  em¬ 
phasis  is  placed  on  the  specifications 
which  components  meet  and  on  fea¬ 
tures  of  performance  which  are  not 
usually  given  in  other  publications. 
It  includes  results  of  independent 
measurements  of  important  prop¬ 
erties  of  commercial  components. 

“Cathode  Ray  Tubes”  describes 
methods  for  using  such  tubes,  and 
includes  discussions  of  focusing  and 
deflection  magnets  and  coils,  the 
properties  of  fluorescent  screens, 
and  methods  of  constructing  auxili¬ 
ary  apparatus  such  as  projectors, 
magnetic  shields,  light  filters,  and 
the  like. 


Amplifier  Circuits 

“Vacuum  Tube  Amplifiers”  deals 
with  circuits  which  can  be  treated 
theoretically  by  linear  circuit  analy¬ 
sis.  This  book  seeks  to  analyze  com¬ 
pletely  many  types  of  amplifiers, 
especially  those  of  high  gain,  wide 
band  pass,  or  large  dynamic  range. 

“Waveforms”  discusses  basic  cir¬ 
cuits  which  include  a  non-linear  ele¬ 
ment.  These  and  other  circuits  for 
the  generation  and  shaping  of  the 
form  of  current  and  voltage  waves 
are  analyzed.  A  treatment  of  their 
generation  is  followed  by  discussions 
of  their  manipulations,  such  as 
modulation,  analysis,  and  frequency 
division.  r-.  , 

Circuit  Synthesis 

“Electronic  Instruments”  deals 
with  devices  for  the  purpose  of  pre¬ 
cision  time  measurement,  data 
transmission,  and  mathematical  com¬ 
putation.  It  emphasizes  instrument 
function,  gives  details  of  engineered 
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WITH  THE  D.PJ. 


These  tre  the  essential  features  o{  this  rersadle 
gauge: 


for  full  details  on  the  D.P.l.  ^ 

Phillips  Gauge,  high-vacuum 
equipment,  installation,  or  serv¬ 
ice,  write— 

HIGH  VACUUM  HEADQUARTERS 

VACUUM  EQUIPMBNT  DIVISION 

MSTILLATION  PRODUCTS,  INC. 

KOCHBTBt  }3,  K  Y. 


#  Stable,  accurate  readings  within  a 
convenient,  wide  range  (approxi¬ 
mately  25  microns  or  0.025mm.  to 
2  X  10-S  or  0.00002mm.  Hg). 

#  Internal  elements  are  iK>t  damaged 
by  sudden  upsurges  in  pressure. 

#  Light  weight,  compact,  easy  to  carry 
— easy  to  install. 


ROTOBRIDGE 


Save  Time!  Save  Money! 


Checks  a  Circuit  a  Seconil! 

It  checks  wiring  errors,  resistance  and  reactance 
values  with  robot-like  fidelity. 

Designed  for  continuous  24-hour  duty,  the  Roto- 
bridge  is  instantaneous  and  accurate.  A  10% 
resistance  tolerance  at  one  point  or  25%  capacity 
tolerance  at  another  spot .  . .  Rotobridge  gives  it 
to  you— automatically  and  accurately. 

An  error  detected?  The  Rotobridge  stops  then, 
flashes  a  red  blinking  signal,  wluch  keeps  on 
winking  until  the  defect  is  attended  to. 


circuit  designs,  and  recommends 
preferred  equipment  types. 

“Cathode  Ray  Tube  Display  Cir¬ 
cuits”  shows  how  c-r  tubes  may  be 
combined  with  electronic  circuits  to 
provide  a  wide  variety  of  measuring 
and  precision  data  display  devices. 

The  use  of  electrical  and  other 
time-variable  indications  in  auto¬ 
matic  control  devices  is  discussed 
in  “Automatic  Control  Systems.” 
Basic  principles  for  the  design  of 
electrical  and  mechanical  feedback 
control  systems  are  developed  in  de¬ 
tail,  and  application  is  then  made  to 
a  series  of  automatic  control  prob¬ 
lems  such  as  automatic  radar  range 
*and  angle  tracking. 

“Microwave  Receivers”  describes 
many  different  types  of  complete  re¬ 
ceiving  systems,  suitable  for  radar, 
television,  relay  telephony,  and  re¬ 
peat-back  devices. 

“Signal  Thresholds  in  Interfer¬ 
ence”  offers  an  analysis,  both 
theoretical  and  experimental,  of  the 
factors  affecting  the  perception  of 
desired  signals  in  the  presence  of 
various  types  of  interference,  prin¬ 
cipally  receiver  noise. 

Radar  and  Loran  Systems 

“Radar  Systems  Engineering”  is 
intended  as  a  basic  treatise  and 
reference  book  for  anyone  interested 
in  making  any  application  of  radar. 

Applications  of  radar  to  problems 
of  air  and  sea  navigation  are  discus¬ 
sed  in  a  volume  entitled,  “Radar 
Aids  to  Navigation.” 

In  the  book  entitled,  “Loran,”  a 
comprehensive  treatment  is  made  of 
the  principles  and  engineering  de¬ 
sign  of  this  war-bom  long-range 
navigational  aid. 

The  final  book  is  a  general  index 
providing  cross-references  among 
the  various  books. 


Navy  Demonstrates 
Pilotless  Aircraft 


The  Rotobridge  can  be  put  to  work  on  several 
small  sub-assemblies  or  on  a  complete  set,  involv¬ 
ing  as  many  os  120  circuits.  Wont  to  inspect  a 
30  or  40  tid^  set-up?  Two  or  three  of  these 
robots,  working  simultaneously,  will  do  the  trick 
...  in  five  minutes  flat! 

CoMRunicatioi  Measurements  Laberetery 

120  Greenwich  Street  •  New  York  6.  N.  Y, 


Five  radio-oontbolled  pilotless 
drones  were  put  through  intricate 
air  maneuvers  at  a  recent  Navy 
press  show  in  Atlantic  City,  N.  J. 
Combined  with  such  things  as  televi¬ 
sion,  influence  fuses  and  atomic 
power,  the  pilotless  aircraft  or 
guided  missile  is  a  weapon  which 
might  well  revolutionise  techniques 
of  national  defense  and  methods  of 
preserving  the  peace. 

According  to  Rear  Admiral  H.  B. 
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IMo  electrical  equipment  can  be  any  better  than  its  insulation 


This  insulating 
varnish  helped  give 
range  to  our 
^'Silent  Service'' .  .  . 


G.  E.  OFFERS  A  COMPLETE  LINE  OF  INSULATING  MATERIALS 
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MADISON  ELECTRIC  PRODUCTS  CORPORATION 

MADISON  NEW  JERSEY 


Sallada,  Chief  of  the  Bureau  of 
Aeronautics,  the  extent  to  which  we 
shall  be  able  to  conduct  further  re¬ 
search  into  the  still  relatively  new 
field  of  pilotless  aircraft  depends  on 
the  money  which  is  made  available 
for  that  research.  And  on  our  ability 
to  conduct  that  research  depends,  to 
large  degree,  our  ability  to  defend 
ourselves  and  to  preserve  the  peace. 


Tn-Toleraiue”  PRECISION  RESISTORS 
used  the  world  over 
where  PRECISION  COUNTS 


Ghost  Hellcat 


As  an  example  of  completeness  of 
radio  control  over  an  aircraft,  the 
Ghost  Hellcat  is  unique  today.  It  is 
an  outgrowth  of  Navy  research 
which  has  emphasized  remote  control 
over  standard  aircraft  rather  than 
over  the  smaller  target  drones.  The 
immediate  application  of  the  Ghost 
Hellcat  is  as  a  target  for  the  heavy 
anti-aircraft  guns  of  the  Fleet. 

The  engineering  staff  at  the  Naval 
Aircraft  Modification  Unit,  Johns- 
ville,  Pennsylvania,  designed  and  in¬ 
stalled  the  radio  equipment  which 
moves  ailerons,  flippers  and  rudder, 
controls  the  throttle  and  power  set¬ 
ting,  retracts  and  extends  the  land¬ 
ing  gear,  sets  the  flaps,  steers  the 
tail  wheel,  works  the  wheel  brakes 
individually,  makes  automatic  fuel 
tank  selection  and  operates  a  smoke 
recognition  device  and  fighting  lights 
for  night  patrol. 

The  Ghost  Hellcat  is  capable  of 
operating  consistently  from  a  run¬ 
way  150  feet  wide  by  2,000  feet  long, 
with  a  50-foot  obstruction  at  the 
end  and  a  20-knot  wind  50  degrees  on 
either  side  of  the  runway.  The  Navy 
plans  to  convert  100  F6F-3s  into 
Ghost  Hellcats. 


0ACETAnLABa 


fr«l«ds  •iatfiii  frM 

nMdMiiMl  frmats 

1*11  Itmh  piwdii  laM. 
ftrrii  idtlKtUi  !• 


TADDEO  INTERNAL 
mSUUTlON 

Ctmi-mw  •ini  m  iMcIttW 
hM*  mt  •!  •iMai  willi  antaM 
d*lk.  *«  Mdadw  Mtpc*  Im- 
Ian  ^•<ia|}. 


MEPCO  has  been  in 
business  only  two  years — but  Mepco 
Products,  in  that  short  time,  have 
become  musts  on  the  specs,  of  liter¬ 
ally  hundreds  of  manufacturers  of 
electronic  devices.  Mfpco  'Tru- 
Tolerance"  Precision  Resistors,  at 
the  close  of  World  War  II,  were 
specified  for  one  third  of  fill  unfilled 
precision  resistor  orders — and  there 
were  18  manufacturers  compeffiigl 
Mepco  personnel  have  grown'  up 
with  both  the  technical  and  opera¬ 
ting  ends  of  the  electronics  indus¬ 
tries.  They  have  the  know-how  to 
design  and  supply  electronic  assem¬ 
blies  and  components  ‘  of  guaran¬ 
teed  performance.  Let  us  know. your 
requirements. 


RF  TRANSFORMERS 
PRECISION  WOUND 
TO  YOUR  SPECS 


IF  TRANSFORMERS 

Broadcast  I.  F.  Trans¬ 
formers  to  monufoc- 
hirer's  or  standard  RM  A 
specifications,  wound 
to  rigidly  held  toler¬ 
ances  on  kraft,  bake- 
lite,  or  ceramic.  All 
mutuals  set  to  speci¬ 
fied  curve.  AM/FM  IF 
tronsformers  preset  at 
any  frequency 
with  gain  as  pM 
required.  n[ 


Original  Drone 

The  TDD-3  is  a  primitive  drone, 
an  outgrowth  of  a  gas-driven  model 
airplane  designed  by  Reginald  Denny 
which  incorporated  a  semblance  of 
radio  control.  This  small  drone  was 
extremely  useful  in  training  gun 
crews  for  light  automatic  anti-air- 
eraft  weapons.  By  war’s  end,  a  total 
of  18,856  TDD-3s  had  been  used  to 
train  Fleet  gunnery  crews  or  were  on 
order  for  further  training. 

The  TDD-3  is  launched  by  catapult 
and  recovered  by  parachute.  From 
the  original  model  having  a  speed  of 
approximately  50  miles  an  hour,  a 
nine-foot  wing  span  and  conventional 
landing  gear,  the  TDD  has  prog¬ 
ressed  to  the  present  model  with  a 
speed  of  140  miles  an  hour,  a  137- 


METER  MULTIPLIERS 

''Tru -Tolerance"  Precision  units, 
mounted  on  fusible  core.  Any 
unit  con  be  replaced  at  ony  time. 


TRIMMERS 

Highest  grade  ceramics; 
all  capocities. 
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NEW!  VERSATILE!  BITS  TO  DRIVE  ANY  TYPE  SCREW 

Something  new,  something  different  .  .  .  designed  originally  to  materially  simplify  and  improve  the  use  of  the 
Keys  for  driving  our  "Unbrako”  socket  set,  and  cap  screws.  It  proved  so  handy,  efficient  and  convenient,  that 
we  re-designed  it  for  all  commercial  use. 

The  "Hallowell”  "Unbrako”  Speed  Tool  Key  Kit  is  so  small,  it  will  fit  into  the  palm  of  your  hand.  A  hollow, 
indestructible,  black  plastic  handle  'holds  an  assortment  of  interchangeable  bits  that  enable  you  to  drive  any  type 
of  screw.  The  swivel  chuck  at  the  end  of  the  handle  permits  either  the  direct  drive  of  a  straight-handle  screw 
driver,  as  shown,  or  you  can  snap  the  chuck  to  an  angle  or  ell  position  (see  small  cut  below),  so  you  can  drive 
screws  that  would  otherwise  be  most  difficult  to  reach.  All  bits  are  made  of  the  finest  alloy  steel,  scientifically 
heat  treated  to  provide  a  rugged  product  that  will  give  you  long  service. 


Illustration  shows  dif¬ 
ferent  positions  to 
which  swivel  chuck 
permits  bit  to  be 
swune. 


Speed  Tool  Key  Kit 


Easily  raanaRed,  fits 
comfortably  in  hand. 
Interchangeable  bits 
are  placed  in  hollow 
plastic  handle. 


The  "Halloweir’  ’’Unbrako’ 
is  made  in  two  sizes: 

No.  25:  contains  seven  hex,  one  Phillips,  one 
slotted  screw  bit. 

No.  50:  contains  six  hex,  two  Phillips,  one 
slotted  screw  bit. 

If  your  distributor  does  not  carry  it,  send  his  name 
to  us,  along  with  yours,  and  you  will  be  taken  care 
of  promptly. 


OVER  40  YEAH5  IN  BUSINESS 


STANDARD  PRESSED  STEEL  CO. 

JENKINTOWN,  PENN  A.,  BOXE]|  •  BRANCHES:  BOSTON  •  CHICAGO  •  DETROIT  •  INDIANAPOLIS  •  ST.  LOUIS  •  SAN  FRANCISCO 
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WESTE 

UNIO 


FWe  did  .  .  .  W( 
design  and  build 
^  rectifier  stacks  — 
in  all  shapes  and  sizes 
and  for  a  wide 


variety 

of  applications,  many  hereto¬ 
fore  considered  not  practical 


OABorftmvica 


AA84 


the  BENWOOIH.INZE  C0« 
ST  LOUIS  UOb 


CAN  YOU  BUILD  A  RECTIFIER  ONE  AND  ONE  HALF 
TO  WITHSTAND  HEAVY  OVERLOADS  SELF  HEALING 
HERETOFORE  CONSIDERED  IMPRACTICAL 


We  have  had  twenty-five 
years  experience  in  the 
study  of  metallic  rectifier 
applications  .  •  .  When¬ 
ever  you  have  a  problem 
of  converting  AC  to  DC 
—  consult  B-L, 


SELENIUM  B-L  Metallic  Rectifiers  are 

Highest  efficiency, ,  Long  life. .  designed  for  power  ntings 
.  Lowest  reverse  current. .  Free-  fj-Qm  milliwatts  to  kilowatts 
domtrom  moktur.  damage. 


COPPER  SUIPHIDE 

Smallest  sizes  for  all  power  rat- 
ings, ,  Capable  cf  withstanding 
heavy  overloads, ,  Self-healing 
. .  Rugged . .  Operate  at  high¬ 
est  ambient  temperatures. 


Typical  Applications 

Battery  Charging 
Theatre  Equipment 
Electroplating 
Relays 
Telephones 
Magnetic  Chucks 
Electrolysis 
Generator  Control 
Magnetic  Separators 
Magnetic  Brakes 

and  many  other  applica¬ 
tions  where  DC  is  required 
from  AC  power  supply. 


THE  BENWOOD-LINZE  COMPANY 

1(15  lOCUST  STREET  ST.  LOUIS  3,  MO. 

Long  Distance  Telephone  CBitrai  5830 

Designers  and  manufacturers  of  Selenium  and  Copper  Sulphide 
Rectifiers,  Battery  Chargers,  and  DC  Power  Supplies  for 
practically  every  requirement. 


inch  wing  span  and  no  landing  gear. 
Gross  weight  has  been  held  to  within 
150  pounds. 

Dog-Fighting  Drone 

The  fast  KDR-1  standard  drone  is 
still  considered  experimental  by  the 
Navy,  but  is  believed  to  have  impor¬ 
tant  possibilities  as  air-to-air  oppo¬ 
nent  in  training  fighter  pilots.  De¬ 
tailed  attention  to  stream-lining  by 
the  Radioplane  Company  of  Van 
Nuys,  California,  which  developed 
the  KDR-1,  has  made  it  possible  for 
the  35-horsepower  engine  to  develop 
a  top  speed  of  about  190  miles  an 
hour.  It  carries  enough  fuel  for  an 
hour’s  flight  over  the  firing  line  and 
may  be  recovered  by  parachute. 

Kamikaze  Drome 

Considered  the  standard  target 
aircraft,  the  TD2C-1  is  capable  of 
simulating  high-altitude  bombing 
runs,  dive-bombing  tactics,  torpedo 
attacks  and  Kamikaze  attacks.  Speeds 
in  excess  of  300  miles  per  hour  have 
been  obtained  during  simulated  sui¬ 
cide  dive  attacks  designed  to  furnish 
fleet  anti-aircraft  gunners  with  a 
target  comparable  to  that  provided 
by  the  Japanese.  t 

400-Mph  Jet  Drone 

The  jet  drone  is  regarded  as  a 
formidable  sparring  partner  for 
fighter  pilots  and  anti-aircraft  gun¬ 
ners.  Powered  by  a  Westinghouse 
9  5-inch  turbo-jet  motor,  the  KDN-1 
can  provide  simulated  attacks  at 
speeds  greater  than  400  miles  an 
hour  in  level  flight.  It  is  launched 
from  a  patrol  plane. 


MIT  Acoustics  Laboratory 

A  NEW  Acoustics  Laboratory  pro¬ 
viding  facilities  for  basic  research 
and  fundamental  training  in  several 
fields  of  acoustics  has  been  estab¬ 
lished  by  the  Massachusetts  Insti¬ 
tute  of  Technology.  The  Director 
of  the  laboratory  is  Professor  Rich¬ 
ard  H.  Bolt  of  the  Department  of 
Physics.  The  over-all  program  of 
teaching  and  research  is  coordinated 
by  a  supervisory  committee  consist¬ 
ing  of  Philip  M.  Morse  (Chairman), 
Professor  of  Physics*;  Richard  D. 
Fay,  Associate  Professor  of  Elec¬ 
trical  Communications ;  Lawrence 
B.  Anderson,  Professor  of  Architec¬ 
tural  Design;  and  Julius  A.  Strat¬ 
ton,  Professor  of  Physics,  Director 
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more  efficient 
. . .  in  miniature 


TUNG-SOL  lamp  works,  INC.,  NEWARK  4,  NEW  JERSEY 

Sales  Offices:  Atlanta  •  Chicago  •  Dallas  •  Denver  •  Detroit  •  Los  Angeles  •  New  York 
Also  Manufacturers  of  Miniature  Incandescent  Lamps,  All-Glass  Sealed  Beam  Headlight  Lamps  and  Current  Intermittors 

ELECTRONICS  — fefcrwoiy  1946 


roll  of  microfilm 
about  the  size  of  a  typewriter 
ribbon  is  the  equivalent  of  the 
many  cubic  feet  of  filing  space  neces¬ 
sary  to  store  records  in  the  original  paper 
form.  Filing  for  record  in  miniature  is  the  same 
trend  toward  efficiency  as  the  controlling  of  elec¬ 
tronic  circuits  with  miniature  tubes. 

Tung-Sol  Miniature  Tubes  and  smaller  com¬ 
ponent  radio  parts  mean  a  reduction  in  the  over-all 
size  of  radio  equipment.  Miniature  Tubes  are  char¬ 
acterized  by  short  leads,  making  for  low  lead  in¬ 
ductance;  low  inter-element  capacities  and  high 
mutual  conductance.  These  factors  make  Tung-Sol 
Miniature  Tubes  distinctly  superior  in  performance 
when  used  in  high  frequency  circuits.  Miniatures 
are  constructed  with  smaller  and  lighter  parts.  This 


TUNG-SOL 

ELECTRONIC  TUBES 


makes  possible  a  more  rigid  con¬ 
struction  that  is  more  impervious  to 
the  effects  of  vibration  and  shock. 

The  experience  of  Tung-Sol  engi¬ 
neers  in  designing  circuits  and  select¬ 


ing  tubes  is  offered  to  manufacturers  actual  sizb 
wishing  to  improve  their  present  electronic  equip¬ 
ment  or  to  create  new.  All  plans  disclosed  in 
consultation  will,  of  course,  be  held  in  strictest 
confidence. 
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of  the  Research  Laboratory  of  Elec¬ 
tronics. 

Some  of  the  fields  of  investiga¬ 
tion  in  the  present  five-year  program 
are  (1)  physical  properties  of  acous¬ 
tic  materials  and  .structures,  (2) 
functional  acoustic  design  in  archi¬ 
tecture,  (3)  noise  generation  in  high 
speed  air  flow,  (4)  electroacoustic 
instrumentation,  and  (5)  supersonic 
investigations  in  solids,  liquids,  and 
gases. 

Some  of  the  supersonic  studies  in 
basic  physics  are  being  extended  to 
very  high  frequencies  through  ap¬ 
plications  of  microwave  techniques. 
This  part  of  the  program  is  being 
done  in  collaboration  with  the  re¬ 
cently  established  Research  Labora¬ 
tory  of  Electronics. 

Previously  established  acoustics 
facilities  at  MIT  include  a  micro¬ 
phone  calibration  system  installed 
in  a  sound-deadened  room;  a  sound 
and  vibration-isolated  room  adapt¬ 
able  for  reverberation  and  other 
acoustic  studies;  special  equipment 
and  small  chambers  for  investiga¬ 
tion  of  sonic  and  supersonic  prob¬ 
lems,  filters,  transmission  lines  and 
acoustic  impedance-measuring  equip¬ 
ment. 

Special  apparatus  has  been  con¬ 
structed  for  measuring  supersonic 
absorption  and  reflection  from  ma¬ 
terials  under  water.  This  equip¬ 
ment  is  currently  being  used  for  in¬ 
vestigations  in  the  range  from  10  to 
100  kc.  Supersonic  generating  and 
pulsing  equipment  is  being  applied 
to  basic  research  in  the  10  to  100-mc 
region. 


SM.  tUe^ 

£f. 


•  Expanding  case,  of  stainless  steel. 

•  Tamper-proof,  preventing  alteration  of  your 
selected  adjustment. 

•  Slotted  mounting  ears  for  easy  attachment  in 
your  appliance. 

•  Differential  expansion  between  contact  support¬ 
ing  members  creates  a  wiping  action. 

•  Positive  alignment  of  contact  support  members 


by  means  of  a  ceramic  locator. 

•  Maximum  load  rating,  15C)0  watts. 

•  Temperature  range  up  to  600  degrees  Fahrenheit 

for  prices  and  further  information. 


Radar-Guided  Bombs 
Launched  by  Navy  Planes 

Fully  automatic  guided  missiles 
launched  from  Navy  planes  and  ac¬ 
curately  guided  by  radar  to  targets 
miles  away  destroyed  many  tons  of 
Japanese  combatant  and  merchant 
shipping  during  the  last  year  of  the 
war,  the  Navy  Department  has  re¬ 
vealed.  This  guided  missile,  having 
the  code  name  Bat,  was  directed  by 
the  rhdar  echoes  from  its  target.  Its 
radar  robot  pilot  could  sense  the  tar¬ 
get  under  any  conditions  of  visibil¬ 
ity,  required  less  space  than  a  hu¬ 
man  pilot,  and  reacted  much  faster. 

Launched  from  Navy  Privateer 
patrol  bombers  flying  outside  the 
range  of  the  intended  victim's  guns, 
the  Bat  became  completely  automatic 
when  released.  Any  evasive  maneu- 


RUGGED 


COMPACT 


LIGHTWEIGHT 


OVEffAtL  CASE  DIMENSIONS 
W'miwh  «  t^tPC  a  Z  lONO 


1.  Expanding  stainless  steel  case, 

2.  Low  expansion  nnetal  struts. 

3.  Fine  silver  contacts. 

4.  Terminal  Binding  Posts. 

5.  Adjusting  Screw. 

6.  Positioning  and  locking  device 

7.  Ceramic  Insulating  Buttons. 

8.  Precision  Ceramic  Locator. 


B  PREOSION-BUILT  FOR  FOOL-PROOF  PERFORMANCE 


FENWAL,  INCORPORATED 

ASHLAND,  MASSACHUSETTS 
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GET  THE 


FROM  THESE 


FACT-JAMMED 

REPORTS! 


Report  No.  1 

assembly  savings 
WITH  PHILUPS  SCREW 
Company 

heywood-viw^^I^ 

Gardner.  Hass. 

i’r‘'car’and  Bus  Seats 
Furniture  carrls^ 


- Prei 

JAMES  O.  P 
industrial 
New 


AN  INDEPENDENT  SURVEY! 
AUTHENTIC!  UNBIASED! 

This  investigator  from  the  James  O.  Peck  Co., 
industrial  research  authorities,  is  visiting  lead¬ 
ing  American  plants  to  get  unbiased  facts  on 
assembly  savings.  His  reports  are  available 
to  you. 


HEYWOOD-WAKEFIELD,  like  ing  to  publish  them  in  a  completed 
countless  other  successful  manu-  volume  as  originally  planned, 
facturers,  use  Phillips  Screws  for  They  will  be  distributed  NOW- 
one  good  reason  ...  to  cut  costs,  flash  news  of  current  economies  { 
When  they  discarded  slotted  you  can  make-AS  they  come  I 


PIND  OUT  HOW  ^  J 

HEYWOOD-WAKEPiaD  CO^l 


SAVES  UP  TO 


in  asMmblinc  hirnitur«,  nmmVi 
car  and  bus  awrtSf  baby  Jmm  mQ 
eanuiges.  .... 

By  avoiding  drivar  skids,  parts  sp<^ga,^ 
and  delay  required  to  demount  and  re|dace 


dumi ...  by  driving  screws  faster  at  aedt-  | 
ward  angles  that  meant  burred  and  broken  ?| 
screw  heads  with  dotted  soews  ...  by  1 
diminating  pilot  holes  ...  by  using  fewer  | 
and  smallw  screws  without  sacriCke  of  1 
hddii^  pow^ ...  by  using  power  in  place  I 


screws  and  specified  “nothing  but 
Phillips”  (with  production  savings 
up  to  50%  )  they  pointed  up  a  les¬ 
son  you  can’t  afford  to  ignore  with 
today’s  squeeze  on  profits! 

The  report  on  Heywood-Wake- 
field-and  others  now  completed 
-are  so  revealing  we  are  not  wait- 

LEARN  HOW  YOU  CAN  CUT  YOUR  ASSEMBLY  COSTSI 

Get  these  bona-fide  reports.  Don’t 
delay... mail  the  coupon  today! 


OFF  THE  PRESS ! 

Each  report  is  a  fact-jammed 
working  manual  of  mcxlem  assem¬ 
bly  practice,  information  you  nev¬ 
er  hojjed  to  see  in  print,  inside 
facts  you  would  pay  good  money 
to  get — and  it’s  yours,  now,  FREE ! 
Write  for  them  . . .  now ! 


of  hand  driven. 

SALBS  BENSIFITS,  too,  in  lasti&i^y 
rigid,  burr-fraa  fintenings  that  won't  mag 
clothing... in  the  oma-  JPHV  i 
%Qmtal  Phillips  Recew 
tiiat  improves  aftpemnnce,  | 
pwrmits  simplified  design.  ?  ^ 

GET  THE  COM-  /  V  /  / 
PLETB  STORY  and  see  JK/ 
why,  more  and  more, 

Phillips  Screws  ^  =: 

9pot  the  profit-  ^ 

idanned  product! 


PHILUPS  SCREW  MFRS., 
c/o  Horfon-Noyes 

2300  Industrial  Trust  Bldg.,  Providence,  R.  I. 

Please  send  me  the  reports  on  Assembly  Savings  with 
Phillips  Screws. 
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vers  oi  me  largen  snip  were 
promptly  followed  by  the  weapon, 
while  its  small  size  and  high  speed 
made,  it  almost  immune  to  Japanese 
antiaircraft  fire.  The  Privateers 
were  equipped  to  carry  a  Bat  under 
each  wing. 

In  using  the  Bat,  the  crew  of  the 
mother  plane  locates  the  target,  tells 
the  bomb  which  ship  to  hit  and 
pushes  the  release  button.  The  re¬ 
leased  bomb  flies  straight  to  the  ship 
selected,  even  when  it  is  one  of  a 
large  convoy,  while  the  launching 
plane  is  free  to  proceed  as  its  pilot 
wishes.  The  target  has  to  be  posi¬ 
tively  identified,  however,  for  the 
robot  pilot  cannot  distinguish  be¬ 
tween  friend  and  foe. 

The  radar-guided  bomb  is  approxi¬ 
mately  12  feet  long,  has  a  10-foot 
wing  span,  and  carries  a  heavy  ex¬ 
plosive  load.  Its  speed  is  comparable 
to  that  of  a  plane  and  its  range 
great  enough  to  allow  the  mother 
plane  to  operate  well  out  of  the 
enemy's  longest-range  antiaircraft 
fire. 

Conventional  bombing  of  ship  tar¬ 
gets  from  outside  the  range  of  anti¬ 
aircraft  fire  yields  a  very  small  per¬ 
centage  of  hits.  The  Bat’s  great  ac¬ 
curacy  is  not  affected  by  the  distance 
to  the  target.  In  revealing  the  use 
of  this  heretofore  secret  weapon. 
Rear  Admiral  George  F.  Hussey,  Jr., 
U.S.N.,  Chief  of  the  Bureau  of 
Ordnance,  stated  that  it  is  now  con¬ 
sidered  obsolescent,  although  some 
of  its  principles  may  be  applicable  to 
weapons  of  the  future. 

Development  of  the  radar  robot 
pilot  was  the  work  of  scientists  of 
the  Massachusetts  Institute  of  Tech¬ 
nology,  Cambridge,  Mass.,  headed  by 
Ralph  Lamm  and  Dr.  Perry  Stout, 
and  of  the  Bell  Telephone  Labora¬ 
tories,  where  Russell  C.  Newhouse 
was  in  charge. 


OllKEI  cm  SE/H  WOIRS 


FkUad*l|ilii«,  Ptana. 


Yours  for  the  asking 


A  new  informative  booklet  on 


It  has  illustrated  sections 


practically  every  known  form  of  gearing. 


together  with 


many 


tables  and  formulas.  Write  for  your  copy 


Ferry  Radar  Authorized 

Special  temporary  authority  to 
install  and  operate  experimental 
radar  equipment  on  the  stream-lined 
ferry  SS  KdUikala,  operated  by  the 
Puget  Sound  Navigation  Co.  between 
Seattle  and  Bremerton,  Washington 
has  been  granted  Raytheon  Mfg.  Co. 
by  the  FCC.  The  system  will  be  used 
to  determine  operating  requirements 
for  similar  ship  installations  all  over 
the  world. 

The  location  and  ship  run  was 


on  your  company  stationery 


1910  N.  Front  Street,  Philadelphia  22,  Pa 
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A  SQUARE  MB  1’/,  METER 


MODEL  151 


MODEL  152 


MODEL  102 


fully  assembled  into  one  of  the  small¬ 
est  elements  available.' It  saves  valu¬ 
able  space  and  important  weight. 

The  anodized  case  mounts  through 
a  round  panel  opening  and  is  screw- 
fastened.  It  has  been  economically  pro¬ 
duced  ...  to  make  this  model  economi¬ 
cally  priced! 

Model  151  is  produced  in  all  stand¬ 
ard  DC  ranges,  rectifier  AC  voltmeters 
and  milliammeters,  and  thermocouple- 
type  instruments.  Write  for  further 
information  on  both  this  model  and 
the  round  series  ...  or  for  any  special 
adaptations. 


Here’s  the  model  squared  to  your 
plans.  But  you’ll  find  this  new  mini¬ 
ature  meter  gives  you  more  than  just 
symmetry.  There’s  performance,  com¬ 
parable  to  that  of  larger  meters,  in  its 
responsive  and  sensitive  movement. 

This  movement  is  the  same  as  you’ll 
find  in  the  MB  round  models  . .  .  care¬ 
fully  calibrated — and  accurate  to  with¬ 
in  the  2%  AWS  specification.  Expert¬ 
ly  designed  and  soundly  manufac¬ 
tured,  it  assures  you  meters  well  able 
to  stand  up  in  long,  hard  service.  From 
jewel  bearings  to  ultra-fine  wire,  mate¬ 
rials  are  of  highest  quality  .  .  .  skill¬ 


MODEL  100 


MANUFACTURING  COMPANY,  INC 

iMstroRieMt  Division 

331  East  St.y  New  Haven  11,  Conn. 


Here's  the  high-precision  element  in  MB  am¬ 
meters,  milliammeters,  microammeters,  volt¬ 
meters,  millivoltmeters.  It's  also  available  un¬ 
cased  for  direct  incorporation  with  your  product. 


ELECTRICAL  METERS  FOR  AIRCRAFT  AND  PORTABLE  EQUIPMENT 


ELECTRONICS  —  February  1946 


ENGINEERING  COMPANY 


chosen  because  of  the  particularly 
difficult  navigational  problems.  On  a 
large  percentage  of  days  the  fog  ob¬ 
scures  the  run  and  the  KcUakahi  must 
thread  its  way  through  the  tremen¬ 
dous  quantity  of  shipping  in  the  busy 
Puget  Sound  area,  where  the  narrow 
passages  will  afford  an  unusual  op¬ 
portunity  to  test  the  value  of  radar. 


Frequency  Allocation  Changes 

Developments  in  various  types  of 
equipment  used  as  aids  to  air  and 
marine  navigation  have  necessitated 
a  number  of  minor  modifications  in 
FCC  frequency  allocations  (p  92, 
July  1945  Electronics).  The  new 
allocations  are  as  follows: 

BAND  (MC) 

9M-I2I5 
1215-1295 
1295-1375 
I375-M25 
1425-1500 
2900-3700 
3700-4000 
4000-4200 
4200-4400 
8500-9300 
9300-9600 
9600-10000 

The  changes  between  960  and 
1600  me  are  designed  to  provide 
additional  spectrum  space  for  navi¬ 
gation  aids.  Recent  developments 
in  altimeters  have  indicated  the 
desirability  of  moving  the  air  navi¬ 
gation  aid  band  from  3700-3900  me 
to  4000-4200  me.  The  changes  be¬ 
tween  8500  and  10000  me  were  made 
to  permit  the  licensing  of  radar 
installations  between  9300  and  9600 
me  for  use  by  the  merchant  marine. 
Racons  are  placed  on  3256=3  me 
with  guard  band  3246-3266  me  and 
on  9310it3  me  with  guard  band 
9300-9320  me. 


1 _ T  Dick  Powell, 

as  "Richard  Rogue" 
star  of  "Rogue’s 
Gallery",  Thursday 
Night  on.  Mutual. 


Master  Control  Panel 
of  KHJ — Hollywood 
outlet  for  Mutual. 


faUare 

IN  5  YEARS 


U.  5.  ALLOCATION 
Navigation  Aids 
Amateur 

Non-Govt.  (Talavition  Relay) 
Non-Govt. 

Govt. 

Navigation  Aids 
Non-6ovt. 

Air  Navigation  Aids  (Altimeters) 
Non-Govt. 

Govt, 

Navigation  Aids 
Govt, 


East-North-South- West,  wherever  the  engi¬ 
neer  plotted  the  signal  over  frequent  network 
and  local  pickups  these  VARIATEN  switches 
and  attenuators  on  the  master  control  panel 
of  KHJ— Mutual  Broadcasting  System’s 
Hollywood  outlet— performed  without  failure 
or  variance  since  installation  took  place  De¬ 
cember,  5  years  ago. 

Sound  engineers  report  similar  results  with 
VARIATEN  units  in  plant  communication, 
test  laboratory,  radio,  television,  and  motion 
picture  equipment  all  over  the  country. 
There  are  many  reasons  for  such  perfection. 
But  of  prime  importance  is  the  production 
quality,  carried  out  with  precision  and  fre¬ 
quent  process  inspection  in  the  manufacture 
of  VARIATEN  attenuators,  resistors,  pads 
and  gain  sets.  Brushes  are  stone-lapped 
smooth  over  the  entire  contact  area.  Contacts 
are  ground  flat,  to  insure  constant  "all-over” 
contact  at  the  critical  switch  point.  Resistors 
are  wire-wound.  All  units  are  full  wax  im¬ 
pregnated. 

It  is  natural,  as  a  result  of  the  consistent 
performance  of  VARIATEN  units,  on  sound 
stages  and  studios,  that  engineers  began  to 
"Send  for  Cinema"  when  in  need  of  assistance 
in  solving  sound  engineering  problems.  Per¬ 
haps  we  can  help  you  by  supplying  apparatus 
for  sound .  equipment  you  are  now  making 
for  industry  and  the  arts. 

Wrife  today  outlining  your  requirements. 


TYPE  NO.  1218 

Mixer  Control  or 
Master  Gain  Control 
"Tee”  Circuit. 
Frame-C. 

Maximum  Watts— 4 
No.  of  Steps— 32 
Ins.  Loss— O  DB 
DB  per  Step— 1  Vi 
Impedance— 30  to 
600  Ohms  (Please 
specify  impedance 
desired  on  order.) 
Price-$17.50 


VHF  Radio  Ranges 

Very  high-frequency  radio  equip¬ 
ment,  to  operate  between  108  and 
132  me,  is  being  installed  in  all 
United  Air  Lines  planes.  The  new 


'ARIATEN 


New  York-Chicago  radio  ikyway.  ihowing 
locations  of  new  CAA  whi  radio  range 
transmitters 


1510  W.  VERDUGO  AVE..  BURBANK,  CALIFORNIA 

Turney  k  Beale,  40-08  Corporal  Kennedy  St.,  Baytide,  L.  I.,  N.  Y. 

Wright  Engineering  Co.,  5260  No.  Mendian  St.,  IndianapolU,  Ind. 
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than  It  has  before. 


THE  FORMICA  INSULATION  COMPANY 

4661  Spring  Grove  Ave.,  Gncinnati  32,  Ohio 


of  humidity  have  been  stepped  up;  it  can 
now  be  made  immensely  stronger  and 
more  resistant  to  mechanical  strains  than 
ever  before;  its  resistance  to  both  alkalies 
and  acids  has  been  improved  for  chem¬ 
ical  uses. 

Therefore,  it  follows  that  the  material  con 
now  be  used  for  many  purposes  for  which 
it  was  not  previously  considered. 

Engineering  data  on  these  new  qualities 
and  capabilities  is  available  in  the  “For¬ 
mica  Data  Book”.  Ask  for  it. 


Because  of  what  happened  in  laboratories 
during  the  war — our  own  laboratories  and 
those  of  our  suppliers  —  Formica  is  adapt¬ 
ed  to  more  uses  now  than  ever  before  in 
Its  history.  And  it  serves  many  of  the  old 
time  uses  much  better  and  more  efficiently 


New  materials  and  new  methods  have  im¬ 
proved  the  material  as  a  high  frequency 
insulator;  its  stability  of  dimensions  and 
electrical  characteristics  under  extremes 
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equipment  will  operate  in  conjunc¬ 
tion  with  the  vhf  radio  ranges  in¬ 
stalled  by  the  Civil  Aeronautics  Ad¬ 
ministration  and  with  glide-path 
receivers  for  instrument  landings, 
as  well  as  provide  two-way  communi¬ 
cation  between  planes  and  ground 
stations.  The  ranges  will  be  of  the 
visual  type,  actuating  a  left-right 
indicator  on  the  plane's  instrument 
panel. 

4,000-mc  Television  Relay 

A  CHAIN  OF  MICROWAVE  relay  sta¬ 
tions  between  Milwaukee  and  Chi¬ 
cago,  costing  about  $500,000  and 
using  initially  a  frequency  in  the 
4,000-mc  range,  is  scheduled  for 
completion  in  the  spring  of  1947. 
The  application  is  now  on  file  with 
the  FCC.  Three  intermediate  sta¬ 
tions  about  25  miles  apart  will  be 
employed,  near  Barrington,  Illinois, 
Wilmot,  Wisconsin,  and  Prospect, 
Wisconsin.  The  towers  will  be  120 


RADAR  ACHIEVEMENT 
PLAQUE 


Dr.  Lm  DuBrIdg*.  with  ploqv*  h«  r«o*lT*<l 
ot  1945  RochMtm  Fall  Moating  for  hii 
contributions  to  tho  dorolopmont  of  radar 
apparatus.  Among  tho  symbols  aro  tho  pips 
of  an  A-scopo  radar  prosontotion.  on 
which  is  suporimposod  on  arrow  roprs- 
tho  dirocttoa  Toctor  for  radar  spot¬ 
ting  of  a  piano 


i  j  I'l'n  \v 
lUirHi-'i  vvn  I'  M  I  Mil-  riN(> 

"I  w 
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ANEW 

Cardioid  Crystal  Microphone 

with  Revolutionary  New  MECHANOPHASE*  Principle 
of  Unidirectivity  •  •  •  Dual  Frequency  Response  •  •  • 
High  Output  •  •  •  and  other  big  features! 

Here,  for  the  first  time,  you  get  all  these  features  in  on%. 
microphone!  With  amazing  flexibility,  new.  CARDAX 
efficiently  serves  many  applications  .  .  .  easily  solves 
everyday  problems  of  sound  pick-up  and  reproduction! 

^  TRUE  CARDIOID  POLAR  PATTERN  New  E-V  Meehan- 
ophase*  principle  gives  wide-angle  front  pick-up  in  true 
cardioid  pattern  over  wide  frequency  range.  Sound  at  rear 
dead  zone  cancels  out  and  is  not  reproduced. 

^  STOPS  FEEDBACK— CUTS  BACKGROUND  NOISE  AND 
REVERBERATION  PICK-UP  Permits  nearly  double  usable 
loud  speaker  volume.  Simplifies  microphone  and  speaker 
placement.  Assures  finer  reproduction  of  just  the  sound  wanted. 

'k  dual  frequency  RESPONSE  Screw  control  on  back 
gives  (a)  Wide  range  flat  response  for  high  fidelity  sound 
pick-up  or  (b)  Wide  range  with  rising  characteristic  for 
extra  crispness  of  speech  or  high  frequency  emphasis. 

k  HIGH  OUTPUT  LEVEL  —57  db  for  flat  frequency  re¬ 
sponse.  — 48  db  for  rising  frequency  response. 

k  VOICE  AND  MUSIC  PICK-UP  EXACTLY  AS  DESIRED 

Ideal  for  public  address,  recording,  remote  broadcast,  com¬ 
munications  . . .  indoors  and  outdoors. 

k  FULLY  EQUIPPED  FOR  CONVENIENT  OPERATION 

Tilting  head.  Built-in  “On-Off”  switch.  Dual  frequency  range 
selector  switch.  Cable  connector.  20  ft.  cable.  Bimorph 
crystal.  thread.  New  modern  functional  design.  Satin 

chrome  finish.  CARDAX  Model  950,  List  Prico . $37.00 

licensed  under  Brush  Patents.  Electro-Voice  Patents  Pending. 


No  Ftner 
Choice  Than 


MICROPHONES 

ELECTRO-VOICE,  INC.,  1239  South  Bond  Avo.,  South  Bond  24,  Indlono 
iMport  DMuom  13  East  40th  St.,  Now  York  16,  N.  Y.,  U.S.A.-Cablos:  Arlah 
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or  DELTABESTON 
RADIO  HOOK-UP  WIRES 


Deltabeston  Radio  Hook-up 
Wires  are  manufactured  in 
three  different  types  for  both 
low-voltage  and  high-voltage 
application.  These  wires  are 
used  extensively  in  radio,  elec¬ 
tronic  and  communication 
equipment  in  aircraft  and 
ground  installations. 

All  Deltabeston  Radio  Hook¬ 
up  Wires  are  fortified  with  a 
thermo-plastic  insulation.  They 
are  designed  to  resist  heat, 
cold  and  moisture,  withstand 
high  abrasion,  and  repel  the 
action  of  flame  and  corrosive 
vapors.  Deltabeston  is  light  in 
weight,  flexible  and  small  in 
diameter,  which  makes  it  ideal 
for  radio  wiring  installations. 
There  are  twenty-one  stand¬ 
ard  braid  patterns.  Other 
braids  can  be  furnished  to  meet 
custc/mer’s  special  require¬ 
ments.  Sizes  range  from  22 
through  6  but  larger  sizes  can 
also  be  supplied. 

Let  us  send  you  samples  and 
additional  information.  Write 
to  Section  Y-263-119,  Appli¬ 
ance  and  Merchandise  Dept., 
General  Electric  Co.,  Bridge¬ 
port.,  Conn.  All  Deltabeston 
Wires  and  Cables  are  distrib¬ 
uted  nationally  by  Graybar 
Electric  Co.,  G-E  Supply  Corp., 
and  other  G-E  Merchandise 
Distributors. 


Here’s  how  Deltabeston  Radio  Hook¬ 
up  Wires  are  constructed  to  provide  the 
utmost  protection  for  the  completed 
electronic  equipment: 

1-  Tinned  copper  conductor — is  flexible, 
free  of  lumps,  kinks,  splits  and  abra¬ 
sions. 

Thermo-plastic  insulation — provides 
great  resistance  to  flame,  moisture  and 
has  high  dielectric  strength. 

Lacquered  cotton,  glass  or  rayon  braid — 
makes  a  smooth,  hard  finish  available 
in  colors  for  circuit  identification. 

4.  Tinned  copper  wire  shield — reduces 
radio  interference. 


BUY  ALL  THE  BONDS  YOU  CAN— AND  KEEP  ALL  YOU  BUY 


GENERAL  ^  ELECTRIC 


feet  high,  so  that  the  line-of-sight 
beam  will  clear  the  104-foot  curva¬ 
ture  of  the  earth  at  the  midpoint 
between  towers.  The  link  is  to  be 
park  of  the  nationwide  network  of 
interconnected  coaxial  cables  and 
radio  relay  channels  now  under  con¬ 
struction  by  American  Telephone 
and  Telegraph  Co.  It  will  be  em¬ 
ployed  for  television  transmission 
in  cooperation  with  the  Milwaukee 
Journal  television  station  WMJT,  as 
well  as  for  communication  purposes. 

Radio  for  Irrigation 

Authority  to  construct  a  radio 
system  to  be  used  in  the  operation 
of  irrigation  networks  serving  100,- 
000  acres  of  rice  and  other  crops  has 
been  granted  the  Garwood  Irrigation 
Company  of  Garwood,  Texas,  by  the 
FCC.  This  radio  system  will  sub¬ 
stitute  for  present  communication 
by  messengers  traveling  horseback 
or  by  automobile. 

The  frequency  assigned  is  35.46 
me.  Frequency-modulation  telephony 
will  be  used,  with  one  land  station, 
two  50-watt  portable  and  mobile 
units,  and  four  35-watt  mobile  units. 

Disposition  of  Carman  Elec¬ 
tronic  Equipment  Industry' 

A  FORMAL  REPORT,  “Treatment  of  the 
German  Electronic  Equipment  In¬ 
dustry  from  the  Standpoint  of  Inter¬ 
national  Security”  has  been  issued 
by  a  subcommittee  headed  by  Ray 
C.  Ellis,  FEA  consultant  and  for¬ 
merly  director  of  the  WPB  Radio 
and  Radar  Division,  now  with  the 
Applied  Physics  Laboratory  of  The 
John  Hopkins  University,  Silver 
Spring,  Md.  While  the  recommen¬ 
dations  therein  do  not  represent  the 
adopted  policy  or  program  of  the 
United  States,  they  are  regarded  as 
likely  to  play  an  important  part  in 
forthcoming  international  confer¬ 
ences. 

As  used  in  this  report,  electronic 
eqquipment  is  defined  as  any  type 
of  equipment,  including  components 
thereof,  making  use  of  the  control 
features  of  a  vacuum  or  gaseous 
tube  containing  two  or  more  ele¬ 
ments. 

The  report  emphasizes  that  elec¬ 
tronics  has  emerged  as  one  of  the 
leading  factors  in  successful  modern 
warfare.  A  perpetual  program  for 
regulation  of  production  of  elec¬ 
tronic  equipment  is  therefore  essen- 
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AT  LEFT.  Two  longovin  Typ«  111-A  Dvol  Pro> 
AmpUfiors  ond  on*  longovin  102-A  line-Ampli* 
fi*r  mounfed  on  a  3>A  AAounting  From*.  This  unit 
provides  four  pr*-ainpUfi*rt  and  on*  lin*>ompli- 
fi*r,orthr**  pre-amplifiers,  on*  booster-amplifier 
and  on*  line-amplifier,  oil  in  10'^*  of  rock 
mounting  spoc*.  Externol  power  supply  such  os 
the  Longevin  201 -B  Rectifier,  os  shown  below,  is 
required. 


0^  Speech 
Input  Equipment 


Worthy  of  an  Engineer’s  Careful  Consideration 


Xivery  unit  of  Langevin  speech  input  equipment  is 
held  to  a  rigid  standard  of  performance.  These  units 
may  be  cascaded  in  accordance  with*  good  engineer¬ 
ing  practices  and  still  be  w'ell  within  the  allowable 
limits  of  FM  requirements  as  to  frequency  response, 
noise  and  distortion  products. 


TYPE  102A  Amplifier  is  on*  of  the  102 
Seriei  line  Amplifiers  of  which  four  dif¬ 
ferent  types  or*  available.  The  *‘A"  is 
siottty  used  to  drive  the  line  after  the 
Mostcr  gain  control.  It  is  quiet,  has  ex¬ 
cellent  frequency  choracteristic  and  am¬ 
ple  power  output  with  low  distortion 
products. 


The  1 1 1-A  Amplitier  consists  of  two  indi¬ 
vidual  pre-amplifiers  on  a  single  chassis 
for  use  in  high  quality  speech  input 
equipment.  Its  compact  unitized  con¬ 
struction  saves  rock  spoc*.  input  impe¬ 
dances  of  30,  250  and  600  ohms;  output 
impedance  600  ohms.  It  is  quiet  and  has 
excellent  frequency  characteristics  and 
omplc  power  output  with  low  distortion 
products. 


All  Langevin  speech  input  equipment  units  are 
mounted  on  standard  5 Vi"  x  lOVi"  chassis.  Three  of 
these  units  can  be  mounted  on  a  Langevin  3-A 
Mounting  Frame,  which  occupies  lOVi^  space  on 
any  standard  rack.  Wall  mounting  steel  cabinets  for 
housing  these  units  are  also  available. 

We  are  proud  of  the  produas  which  bear  the 
name  Langevin » It  will  only  appear  on  good 
apparatus. 


The  201-B  Rectifier  is  on*  of  the  201 
Senes  Rectifiers,  of  which  two  types  or* 
ovoilobl*.  the  "R”  hoving  odditionol 
fihenng,  thereby  giving  a  slightly  lower 
content  than  the  "A."  This  unit 
b  copobl*  of  supplying  power  lor  on* 
102  Senes  Lin*  Amplifier  and  three  111 
^••Amplifiers  (six  pre-amplifiers). 


The  10t-A  Amplifier  is  on*  of  the  100 
Series  AAonitor  Amplifiers,  of- which  four 
different  types  are  ovoilabl*.  The  "A" 
is  ordinarily  used  to  drive  a  monitor  sys¬ 
tem  from  o  600  ohm  or  bridging  source. 
Its  distortion  is  low  for  this  type  of  serv¬ 
ice.  it  is  quiet  and  has  omple  power  with 
excellent  frequency  characteristics. 


T//e  Langevin  Company 

INCORPORATtD  * 

'  SOUND  REINFORCEMENT  AND  REPRODUCTION  ENGINEERING 

NEW  YORK  SAN  FRANCISCO  LOS  ANGELES 

37  W.  65  St.,  23  1050  Howard  St.,  3  1000  N.  Seward  St.,  38 


These  books  will  furnish  the  authoritative  information  necessary  to 
keep  abreast  of  present-day  scientific  progress  in  Communications — 
Electronics.  Look  over  the  important  titles  listed  below.  Then  make 
your  selection  and  order  from  the  coupon  today. 

ELECTRON  OPTICS 
AND  THE  ELECTRON  MICROSCOPE 


(1946) 


By  V.  K.  ZWORYKIN,  G.  A.  MORTON, 

E.  G.  RAMBERG,  J.  HILLIER,  A.  W.  VANCE 

,  747  Pages 


$10.00 


The  new  comprehensive  guide  to  the  electron  microscope  in  all  its  phases.  It 
is  designed  to  aid  the  electron  microscopist  in  understanding  his  instrument  and 
in  using  it  to  greatest  advantage,  and  to  present  the  practical  and  theoretical 
knowledge  which  must  form  the  basis  for  further  progress  in  electron  microscope 
design. 


HIGH  VACUUM  TECHNIQUE 

2ad  Editioa 

By  J.  YARWCK)D 

(1946)  140  Pages  $2.79 


FUNDAMENTALS  OF 
ELECTRIC  WAVES 

By  HUGH  H.  SKILLING 
(1942)  186  Pages 


$2.75 


PreMOts  the  theoretical  and  technical  data  essential 
for  an  understanding  of  high  vacuum  ivork.  including 
latest  developments  in  apparatus,  important  indlvlduid 
processes,  and  facts  regarding  the  properties  and  uses 
of  materials  encountered  in  aU  types  of  vacuum  work. 

PRINCIPLES  OF  INDUSTRIAL 
PROCESS  CONTROL 

By  DONALD  P.  ECKMAN 
(1945)  237  Pages  $3.50 

A  thorough  and  comprehensive  treatment  of  the  princi¬ 
ples  governing  automatic  control,  emphasising  the  basic 
principles  necessary  for  industrial  instrumentation.  In¬ 
cludes  present-day  information  on  measuring  character¬ 
istics  of  controllers,  process  load  changes,  multiple 
eontrol  systems. 

PRINCIPLES  OF  RADIO 

Fifth  Editiea 

By  KEITH  HENNEY 

(1945)  534  Pages  $3.50 

Offers  a  working  knowledge  of  the  basic  principles  of 
radio  communications.  Starts  with  the  fundamental 
principles  of  electricity,  and  gradually  develops  the 
subject  of  radio  practice.  Thoroughly  revised  to  in¬ 
clude  recent  developments  and  future  methods. 

FIELDS  AND  WAVES 
IN  MODERN  RADIO 

By  SIMON  RAMO  and  JOHN  R.  WHINNERY 

(1944)  503  Pages  $5.00 

An  authoritative  coverage  of  this  field,  requiring  only 
a  basic  knowledge  of  elementary  calculus  and  physics. 
Gives  a  rigorous  account  of  the  technique  of  applying 
field  and  wave  theory  to  the  solution  of  modern  radio 
problems. 

HYPER  AND  ULTRA-HIGH 
FREQUENCY  ENGINEERING 

By  ROBERT  I.  SARBACHER  and 
WILLIAM  A.  EDSON 

(1943  )  644  Pages  $5.50 

A  practical  treatment  of  an  important  new  branch  of 

communications  engineering,  requiring  no  special  ad¬ 
vanced  knowledge.  Of  value  to  the  beginner,  as  well 
as  to  those  having  some  familiarity  with  the  subject. 


Disctisses  the  principles  of  wave  action  as  applied  to 
engineering  pracUoe,  with  particular  emphasis  on  the 
basic  ideas  of  Maxwell’s  eqiutVons  and  repeated  use 
in  simple  examples;  also  on  physical  concepts  and 
mathematical  rigor. 

APPLIED  ELECTRONICS 

By  the  Electrical  Engineering  Staff,  Massachu¬ 
setts  Institute  of  Technolojty 
(1943)  772  Pages  $6.50 

Provides  a  thorough  understanding  of  the  characteris¬ 
tics,  ratings,  and  applicability  of  electronic  devices. 
Gives  a  working  knowledge  of  the  physical  phenomena 
involved  in  electronic  conduction,  ^us  its  applications 
common  to  various  branches  of  engineering. 

PRINCIPLES  OF 
ELECTRONICS 

By  ROYCE  G.  KLOEFFLER 
(1942)  175  Pages  $2.50 

Tells  clearly  and  simply  the  story  of  electron  theory 
and  the  operation  of  the  electron  tube.  Beginning  with 
the  discovery  of  the  electron  and  the  forces  of  attrac¬ 
tion  and  repulsion  of  charged  particles,  the  entire 
action  taking  place  in  electronic  devices  is  carefully 
explained. 

HIGH  FREQUENCY 
THERMIONIC  TUBES 

By  A.  F.  HARVEY 

(1943)  244  Pages  $3.00 

Gives  the  details  of  these  important  tubes  and 
describes  the  experimental  work  that  has  been  done 
with  them.  Presents  a  thoroughly  comprehensive  ac- 
coimt  of  the  properties  of  thermionic  tubes  at  very 
high  frequoioies  and  their  relation  to  those  of  the 
associated  electric  circuits. 

TIME  BASES  (ScoaHlNg  Generators) 

By  O.  S.  PUCKLE 

(1943)  204  Pages  $2.75 

Covers  the  subject  from  both  the  design  and  the 
development  points  of  view;  assembles  more  time  bases 
circuits  than  have  heretofore  been  available  in  one 
volume. 


tial  to  prevent  redevelopment  of  a 
war  potential  in  Germany,  yet 
absolute  prohibition  of  electronic  re¬ 
search  and  production  is  neither  suf¬ 
ficient  nor  feasible.  Oppressive 
measures  might  only  temporarily 
remove  war  potential,  driving  the 
German  people  to  smuggling  and 
clandestine  production  and  leaving  a 
supply  of  electronic  technicians  free 
to  band  together  in  some  other  coun¬ 
try  to  develop  and  produce  war 
weapons.  Certain  electronic  equip¬ 
ments  having  uses  only  as  war  weap¬ 
ons  should  be  prohibited  from  both 
production  and  importation,  accord¬ 
ing  to  the  recommendations,  with 
the  list  of  banned  items  being  re¬ 
viewed  constantly  in  the  light  of  new 
developments. 

Status  of  Broadcasting 

Continuance  of  domestic  radio 
production  is  urged,  with  no  listen¬ 
ers'  registration  or  license  fee,  and 
with  perhaps  a  doubling  of  the  num¬ 
ber  of  entertainment  receivers  in 
homes  and  inclusion  of  short-wave 
bands  in  new  sets  to  permit  recep¬ 
tion  of  stations  outside  of  Germany. 
Production  and  assembly  facilities 
for  tubes,  transformers,  capacitors, 
resistors,  and  end  equipment  in  the 
domestic  radio  field  should  be  per¬ 
mitted  but  restricted  to  one  city  or 
district  so  as  to  permit  inspection. 
Exports  of  radio  and  electronic 
equipment  or  parts  would  be  pro¬ 
hibited  to  help  insure  keeping  of 
productive  capacity  within  the  limits 
of  domestic  requirements  and  to 
prevent  other  countries  from  devel¬ 
oping  a  dependence  on  German 
equipment.  Electronic  research 
should  be  permitted  and  encouraged 
but  kept  under  close  observation. 

Prohibited  Items 

Production  of  all  items  in  the  fol¬ 
lowing  list  would  be  banned,  and 
existing  facilities  for  production 
would  be  confiscated  along  with 
existing  stocks  of  equipments: 

Television.  Many  special  items, 
such  as  special  cathode-ray  tubes. 
Iconoscopes  and  certain  other  special 
devices  can  be  clearly  identified  as 
part  of  television  equipments.  These, 
as  individual  items,  should  be  pro¬ 
hibited  together  with  completed 
transmitters  and  receivers,  includ¬ 
ing  the  building  or  manufacture  of 
the  special  circuits  necessary. 

Pulse  Circuits  (Radar).  Up  to 


JOHN  WILEY  &  SONS.  Inc..  440  Fourth  Ave..  New  York  16.  N.  Y. 

ON  APPROVAL  COUPON 
JOHN  WILEY  &  SONS.,  lac. 

440  FomHIi  Av«.,  New  York  U,  N.  Y. 

Please  send  me  on  ten  days’  approval  the  books  I  have  checked  in  this  advertisement 
(or  I  am  attaching  to  this  coupon  a  separate  list  of  the  books  desired).  At  the  end  of  that 
time,  if  I  decide  to  keep  the  books,  I  will  remit  indicated  price  plus  postage;  otherwise 
I  will  return  the  books  postpaid. 

Name  . 

Address  . 

City  and  State . 

Employed  by . E-2-46 
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ELECTRONIC  & 


MECHANICAL 


D^MAinCD 


MICRO-FERROCARrs 

Electronic  &  Mechanical  Powder  Metallurgy  provides 
a  faster,  more  efficient  method  of  production  with  no 
decrease  in  the  quality,  appearance,  and  durability  of  the 
finished  product ...  a  definite  step  toward  that  economy  in 
manufacture  demanded  by  post-war  competition. 

Our  engineering  staff  and  complete  laboratory  facilities  are 
available  to  help  you  in  determining  how  these  methods  may 
be  turned  to  profitable  use  in  your  plant. 


Write  us  today  for  complete  information. 

lieCTIONICftMiCNANICAl  POWDiR  MRTAllUROY 


MAGUIRE  INDUSTRIES.  INCORPORATED  375  FAIRFIELD  AVENUE.  STAMFORD.  CONN. 


electronics  —  February  1946 


279 


the  present  time,  pulse  circuits  have 
not  been  used  in  any  peace-time 
pursuits.  Although  those  circuits 
hold  forth  great  possibilities  in  air¬ 
ways  control  and  navigation  identi¬ 
fication,  there  will  be  a  large  excess 
of  such  materials  at  the  end  of  the 
war.  It  is  considered  unnecessary 
that  any  of  this  equipment  be  built 
in  Germany;  there  will  be  ample 
supply  for  importation  in  case  Ger¬ 
man  airways  (under  the  control  of 
the  Allied  Nations)  need  such  equip¬ 
ment.  A  careful  screening  of  com¬ 
ponents  manufactured  for  ostensibly 
simple  circuits  will  be  necessary  in 
the  component  field  to  assure  the 
control  group  that  such  components 
could  not  be  used  in  pulse  work. 

Specialized  Military  Equipment 
No  circuit  designs  should  be  allowed 
and  no  equipment  built,  such  as 
radio  link  sets,  receivers  and  trans¬ 
mitters  capable  of  withstanding  the 
rigors  of  permanent  moving  and 
heavy  handling.  Components  capable 
of  being  used  in  these  circuits  should 
be  prohibited  unless  needed  by  other 
activities. 

Under-Water  Sound  {Sonar).  This 
equipment  is  highly  specialized  and 
most  of  the  components  can  be 
readily  recognized.  It  should  be 
prohibited  in  toto. 

Facsimile  and  Picture  Transmis¬ 
sion.  It  is  possible  that  other  indus¬ 
tries,  such  as  telephone  and  tele¬ 
graph  and  broadcasting  facilities 
may  need  some  of  this  equipment. 
However,  it  is  recommended  that  it 
be  imported  during  the  first  period 
of  rehabilitation  and  that  its  manu¬ 
facture  be  prohibited. 

Marine  Radio  Equipment.  The 
special  rigors  and  hardships  to 
which  this  equipment  is  subject 
should  be  easily  recognized.  This 
equipment  should  be  prohibited  and 
its  components  carefully  screened 
before  any  are  allowed  to  be  manu¬ 
factured. 

Amateur  Equipment.  It  is  the 
recommendation  of  this  committee 
that  amateurs  not  be  allowed  to 
carry  on  any  activity  within  Ger¬ 
many  for  an  interim  period.  There¬ 
fore,  there  would  be  no  necessity  for 
the  building  of  amateur  transmitters 
and  receivers.  This  activity  requires 
a  different  control  in  that  individuals 
purchase  parts  and  assemble  their 
own  equipment.  This  type  of  con¬ 
trol  should  be  put  on  and  the  work 
of  such  amateurs  prohibited. 

Test  Equipment.  Test  equipment 


The  exacting  requirements  of  the  Radio  and 
Electronic  Industries  demand  solders  and  fluxes 
of  the  highest  quality.  Solder  bonds  must  be  de¬ 
pendable  and  permanent— -especially  where  ex¬ 
treme  changes  in  conditions  occur,  or  in  close  as¬ 
sembly  work. 

The  outstanding  quality  of  Glaser  Solders  and 
Fluxes  is  the  result  of  scientific  research  extending 
over  more  than  two  decades. 

Glaser  Plastic  Rosin  Core  Solders  are  standard 
with  leading  manufacturers  of  capacitors,  resistors, 
transformers,  relays  etc.  To  insure  your  product 
against  short  life  and  poor  performance  use  Glaser 
Plastic  Rosin  Core  Solder,  the  "Quality  Solder"  of 
time-proven  dependability. 

Lef  the  experience  of  leading  Electronic  and  Radio  Technicians 
guide  you  In  making  Slater  Solders  and  Fluxes  YOUR  choice. 


Glaser  Rosin  Core 
Solders  exceed  gov¬ 
ernment  specifica¬ 
tions  in  purity,  and 
ore  guaranteed  to 
meet  A.S.T.M.  Class 
A  specifications  for 
solder. 


GLASER  PRODUCTS  INCLUDE:  Silver  Brosiiiq  Solder  oed  Flex; 
Flexes  for  every  pvrpose;  Lead  Prodvets  of  Every  Deserlpfioe; 
Lead  Lieieg  of  acid  and  plating  tanks. 

Consult  our  Engineering  Department 
on  your  Soldering  and  Flux  problems. 

GLASER  LEAD  CO..  INC. 

31  Wyekotr  Avenue  Brooklyn  27,  N.  Y. 


OUR  24TH  YEAR  OF  DEPENDABLE  SERVICE  TO  AMERICAN  INDUSTRIES 
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CONTRACT  MANUFACTURING 

...  as  an  Industry  Policy 


Industry  has  always  purchased  functional 
parts  such  as  carburetors,  fractional  motors 
and  such  from  other  makers.  But  it  took  the 
war  to  spread  the  practice  of  contracting  the 
manufacture  of  special  assemblies. 

Speed  was  the  emphasis  then,  and  cost  was 
secondary.  But  with  reconversion,  cost  re¬ 
assumes  its  normal  importance. 

Speed  and  Economy  Can  Team  Up! 

Like  hundreds  of  others  we  did  our  share  of 
manufacture  for  others  during  the  war — 
perhaps  we  got  more  than  our  share.  In  look¬ 
ing  for  the  reason,  perhaps  there’s  some¬ 
thing  to  the  idea  that  we’ve  been  at  this  con¬ 
tract  manufacturing  business  for  more  than 
50  years.  Just  by  the  law  of  averages,  we 
ought  to  know  the  business. 

And  since  ours  was  not  a  war  baby  fed  on  the 
easy  cost-plus  formula,  we  should  also  be 
able  to  cut  a  few  comers  on  costs  too.  For 


we  were  brought  up  with  a  stop-watch  in  one 
hand,  a  finely  sharpened  pencil  in  the  other 
— and  a  group  of  hard-boiled  cost-minded 
peace-time  primes  looking  over  our  shoulder. 

Why  not  '^Call  our  Bluff”  (?) 

Maybe  we  can  show  you  something  on  costs 
that  will  cause  you  to  contract  some  of  those 
assemblies  you  were  planning  to  make  your¬ 
self.  Maybe  we  can  do  it  just  as  fast  (maybe 
faster)  and  save  you  a  lot  of  headaches,  labor 
and  equipment  problems. 

Why  not  check  us  on  the  possibilities  in  this 
suggestion?  It  won’t  cost  you  anything  to 
look  into  it  with  us — and  it  may  save  you 
both  time  and  money. 

★  ★  ★ 

Write  on  your  business  stationery  for  48-page  book, 
**Let  Lewyt  Do  If* — the  story  of  the  Leuyt  organi¬ 
zation  in  pictures.  Leuyt  Corporation,  62  Broadway, 
Brooklyn  11,  N.  Y. 


FOR  MORE  THAN  50  YEARS  A  CONTRACT  MANUFACTURER  . . .  EXPERTLY  STAFFED  TO  PRODUCE  COMPLETE  ELECTRONIC  AND 
MECHANICAL  ASSEMBUES,  COMPONENT  PARTS,  SUB-ASSEMBUES  AND  METAL  PRODUCTS  TO  THE  MOST  EXACTING  REQUIREMENTS 
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to  a  good  paying  radio  electronics 


job  with  a  secure  peacetime  future? 

''Post-W«r'*  is  NOW!  Don't  be  caught  unprepared  1  Add  CREl  home 
study  training  to  your  present  experience  and  step  ahead  of  competition 


What’s  ahead  for  you  in  the  held  of  Radio  Elec> 
tronics?  One  thing  is  certain.  Now  that  peace  b 
here,  Radio-Electronics  will  surge  forth  as  one  of 
America's  foremost  industries,  offering  promising 
careers  for  radiomen  with  modem  technical  training. 

NOW  is  the  time  to  take  the  time  to  prepare 
yourself  for  the  important,  career  jobs  in  radio- 
electronics  engineering.  You  will  End  the  knowledge 
gained  from  your  CREI  course  useful  almost  from 
the  b^inning.  Student  C.  Whitehead  writes :  “Your 
coarse  has  been  of  great  value  to  me  in  that  the 
knowledge  I  have  gained  has  enabled  me  to  meet 
technical  situations  satisfactorily  and  has  given  me 
the  conhdence  to  accept  greater  responsibility.” 

In  our  proved  home-study  course,  you  learn  not 
only  how  .  .  .  but  why!  Easy-to-read-and-under- 
stand  lessons  are  provided  you  well  in  advance,  and 
each  student  has  his  personal  instructor  who  corrects, 
criticizes  and  offers  suggestions  on  each  lesson  exami¬ 
nation.  This  is  the  succesful  CREI  method  of 
training  for  which  more  than  10,000  professional 
radiomen  have  enrolled  since  1927. 

Your  ability  to  solve  tough  problems  on  paper 
and  then  follow  up  with  the  necessary  mechanical 
operation,  b  a  true  indication  that  you  have  the 
confidence  born  of  knowledge  .  .  .  conhdence  in 
your  ability  to  get  and  hold  an  important  job  with  a 
secure,  promising  future.  Investigate  now  the  CREI 
home-study  course  best  suited  to  your  needs,  and 
prepare  for  security  and  happiness  in  the  New 
World  of  Electronics  I  Write  for  all  the  facts  today. 


CAPITOL  RADIO  ENGINEERING  INSTITUTE 

HOME  STUDY  COURSES  IN  PRACTICAL  RADIO-ELECTRONICS 
ENGINEERING  FOR  PROFESSIONAL  SELF-IMPROVEMENT 

D«pf.  E-2.  3224  16th  StrMt.  N.  W.,  Washington  10.  D.  C. 

Confneton  to  U.  S.  Nary — U.  S.  Coast  Guard— Canadian  Brosnteastlng  Carp. 
Produenrs  of  Wall-trainad  Tacknlcal  Radioman  for  Industry 

Mamhar:  NATIONAL  COUNCIL  OS  TiCHNICAL  S^tOOU  ■■■■■■ 


WRITE  FOR 
FREE  36-PAeE 
BOOKLET 


''Your  Opportu¬ 
nity  in  the  New 
World  of 
Electronics" 

If  you  hare  bmd 
profesaioDAl  or  am¬ 
ateur  radio  expe- 
rlenoe  and  want  to 
nuke  more  money, 
let  U8  prove  to  you 
we  have  something 
you  need  to  qualify 
for  a  better  radio 
job.  iy>  help  us  In- 
telllgenUy  answer 
your  Inquiry  — 
PLEASE  STATE 
BBIEFLT  TOUB 
BACKOBOUND  OF 
EXPEBIENCE,  ED¬ 
UCATION  AND 
PBESENT  POSI¬ 
TION. 


applicable  to  all  ol  the  above  may  be 
difficult  to  recognize  in  many  cases 
where  the  equipment  is  used  in  com¬ 
mon  with  regular  industrial  activ¬ 
ities  and  still  may  be  used  in  the 
specialized  equipment.  A  very  close 
check  on  the  quantity  manufactured 
and  the  location  of  the  equipment 
should  be  kept.  Items  of  test  equip- 
ment  designed  and  used  especially 
with  the  above  items  of  equipment 
should  be  prohibited. 

Vacuum  Tubes.  In  order  to  con¬ 
trol  the  production  of  vacuum  tubes 
it  will  be  necessary  to  index  all  types 
of  German  tubes  with  their  charac¬ 
teristics  and  then  determine  what 
tubes  are  necessary  for  a  peace-time 
economy.  It  is  not  believed  that  a 
generalized  limiting  specification  on 
vacuum  tubes  is  feasible.  For  ex¬ 
ample,  the  services  have  approxi¬ 
mately  8,000  different  tube  types  and 
an  examination  of  this  list  reveals 
no  general  specification  which  would 
separate  those  necessary  for  peace¬ 
time  use  and  those  of  military  value 
only. 


German  Companies 

Electronic  equipment  in  Germany 
has  been  manufactured  by  about  50 
companies  with  approximately  160 
plants  located  throughout  the  coun¬ 
try.  Five  companies — C.  Lorenz, 
Osram,  Siemens  &  Halske,  Telefun- 
ken,  and  A.  E.  G. — ^have  dominated 
the  field.  Electronic  tube  manufac¬ 
ture  has  been  controlled  almost  ex¬ 
clusively  by  Telefunken.  Although 
the  major  part  of  the  research  in 
this  field  has  been  conducted  by  the 
larger  firms  such  as  Telefunken  and 
Siemens  &  Halske,  the  Government 
has  kept  in  close  contact  with  such 
developments  through  the  Reichpost 
Ministry.  This  agency  is  the  civil¬ 
ian  communications  organization  of 
Germany.  It  carries  on  its  own  re¬ 
search,  finances  numerous  develop¬ 
ment  projects  through  its  Institute 
of  Research  and  Experiment,  and 
keeps  records  on  new  inventions  in 
the  field  of  communications. 

From  1930  to  1938  there  was  a 
program  of  standardization  which 
in  general  reduced  the  number  of 
types  of  electronic  parts  by  from  65 
to  98  percent.  Together  with  her 
program  of  standardization,  Ger¬ 
many  kept  the  specifications  for  com¬ 
mercial  components  to  such  strict 
standards  that  they  would  serve 
equally  well  in  military  equipment. 
Prices  of  finished  sets  reflected  these 
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For  a  generation  Lord  has  been  answering  one  question;  How  can  vibration 
be  controlled?  The  question  has  come  from  a  hundred  industries,  in  a 
hundred  different  forms.  As  speed  has  been  multiplied  and  power  added  to 
power;  as  advancing  science  has  created  new  devices,  requiring  greater  pre* 
cision  and  more  complete  isolation  from  outside  disturbance,  the  solution  has 
become  more  complicated. 

In  finding  the  answer  to  such  difficult  problems.  Lord  has  frankly  had 
three  advantages  over  the  held.  Through  years  of  laboratory  testing  and  held 
applications.  Lord  has  gained  an  undisputed  leadership  in  its  scientihc  know¬ 
ledge  of  vibration  forces.  In  its  exclusive  method  of  using  Bonded  Rubber 
Stressed  in  Free  Shear,  it  has  the  best  known  agency  for  meeting  them.  Through 
unbiased  specialization,  it  has  developed  the  most  effective  application  of  that 
agency  for  each  individual  problem. 


IT  TAKES  BONDED  RUBBER  %  Sdtax  TO  absori  vibration 


LORD  MANUFACTURING  COMPANY 


ERIE.  PENNSYLVANIA 


^  Mica  MMCMNTAmCS 
NCWTOM  •  •  Saa  MAMMM.WM.  v:. 

cMicAao  •  ssa  n.  michhum  m.  1, 
acraoiT  >  •  tata  waoaataaa  im. 
auatANc.  CM.  •  i4a  c.  atwc  ««c. 

MiWW  MMCSUItaVWCS 
•AlUMV  *  pmKM 


iginofors  of  Shear  Type  Bonded  Rubber  Mountings 


L 

MOUNTINGS 

y 

i 

A 

Every  genuine  Lord  Mounting 
carries  the  name  **LORD" 
embossed  in  the  rubber  or  in 
raised  letters  on  the  forgings. 


BUY  VICTORY  BONDS 
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high  standards.  In  1938  the  cheap¬ 
est  superheterodyne  sold  for  $74,  an 
average  large  table  model  cost  from 
$215  to  $260,  and  consoles  ran  as 
high  as  $600.  These  prices  of  fm- 
ished  sets  coupled  with  government 
encouragement  stimulated  amateurs 
and  laymen  throughout  the  Reich  to 
purchase  components  and  assemble 
their  own  sets.  Industry  was  placed 
in  a  position  to  build  the  finest  types 
of  components  which  could  be  either 
sold  to  the  public  or  used  for  mili¬ 
tary  assemblies.  There  was  thus  no 
problem  of  conversion  for  war;  it 
was  simply  a  matter  of  accelerating 
and  diverting  production  to  military 
equipment. 


The  new  Gothard  Indicator  Light 
Assemblies  Catalog  is  bigger  and  bet- 
ter  than  any  similar  catalog  ever 
published.  It  offers  a  wealth  of  scien¬ 
tific  data,  which  will  greatly  aid  you  in  selecting  the  right 
assembly  for  your  indiistrial,  household  appliance,  radio  or  other 
applications.  It  also  illvistrates  and  describes  the  largest  selec¬ 
tion  of  Underwriters  approved  assemblies  for  any  voltage  and 
style  of  miniature  lamps  and  built-in  resistor  assemblies  for 
neon  lamps.  Her^  is  the  latest  data  published  on  Indicator  Light 
Assemblies — ask  for  your  copy  immediately. 


H-F  Heating  Conference 

Application  of  electronic  heating 
in  the  Los  Angeles  area  was  stim¬ 
ulated  by  a  series  of  practical  papers 
presented  at  a  recent  conference  held 
in  that  city  under  the  auspices  of 
the  Pacific  Coast  Electrical  Associa¬ 
tion.  Cooperating  societies  included 
AIEE,  American  Society  for  Metals, 
American  Welding  Society,  Ameri¬ 
can  Society  of  Industrial  Engineers, 
American  Society  of  Mechanical 
Engineers,  Society  "of  Automotive 
Engineers,  Electrical  Maintenance 
Engineers  Association,  and  the  So¬ 
ciety  of  the  Plastics  Industry. 

Stressed  by  most  of  the  speakers 
was  the  fact  that  high-frequency 
techniques  will  be  required  by  in¬ 
dustries  which  desire  to  maintain  a 
competitive  position.  Topics  covered 
include  heat  treating,  melting,  heat¬ 
ing  for  forming,  and  heating  for 
joining  of  metals;  sterilizing  and 
otherwise  treating  foods  and  phar¬ 
maceuticals;  and  processing  lumber 
for  furniture  and  construction.  Each 
session  ended  with  demonstrations 
of  full-scale  equipment. 

Following  is  a  list  of  the  papers 
and  their  authors: 


y  MANUFACTURING 

company 

2114  CLEAR  LAKE  AVENUE,  SPRINGFIELD,  ILLINOIS 
EXPORT  DIVISION:  2S  WARREN  STREET  •  NEW  YORK  7,  N.  Y. 


Ovrr  20  j'ears  of  specialized  enKineerins 
concentration,  design  and  construction  ac¬ 
counts  for  the  outstanding  reputation  of 
POTTER  Capacitors  for  dependable  per¬ 
formance  under  most  exacting  require¬ 
ments. 


War-time  records  have  thoroughly  justified 
the  selection  of  POTTER  Capacitors  for 
U.  S.  military  and  naval  equipment. 
POTTER  Capacitors  are  contributing  to  the 
supremacy  of  our  newest  fighting  machines 
under  every  demand  and  emergency. 


The  superiority  of  POTTER  Oil-Filled  Ca¬ 
pacitors  of  conservative  design  rating,  and 
high  safety  factor  Is  evidenced  by  their  per¬ 
formance  wherever  used.  They  are  capable 
of  withstanding  wide  range  of  temperatures 
and  operating  conditions.  All  official  speci¬ 
fications  complied  with.  All  standard  and 
special  mountings  availabie. 


Frequency  Effects  in  Induction  and  IMelectrlc 
Heatinit,  by  R.  A.  Nielson,  Westlnghoiise  Elec¬ 
tric  Corp. 

Electronic  Equipment  Application  for  Induc¬ 
tion  Heating,  by  W.  S.  Williams.  Allis-Chal- 
mers  Mfg.  Co. 

Sources  of  High-Frequency  Current  and  their 
('haracteristlcs  for  Induction  Heating,  by 
Harlan  A.  Messner,  Ohio  Crankshaft  Co. 
.Vpplication  of  High  Frequency  to  Protluction 
Heat  Treating  and  Annealing,  by  Fred  M. 
.Arnold,  Norris  Stamping  and  Mfg.  Co. 

Melting  and  Forging  of  Metals  with  Induction 
Heating,  by  .1.  Max  Lee.  Ajax  Electrotherniic 
Corp. 

The  Electronic  Worhl  of  Today  and  Tomor¬ 
row.  by  Kenneth  A.  Smith.  Electronic  Chenii 
cal  Engineering  Co. 

Heat  Treatment  of  Metals,  by  R.  W.  Steenrod. 
General  Electric  Co. 

Pre-Heating  and  Stress  Relieving  with  Indiic- 


Special  Capacitors  of  all  types  for  every  purpose 
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Night  aerial  photo  of  St.  Lo  in  Normandy  on  D-Day.  Taken  with  the  new  "super"  flash  tube. 


During  the  closing  stages  of  the  war,  . . .  and  plenty  of  heat.  It  is  this  intense 

many  a  lone  plane,  traveling  fast  at  me-  heat  that  has  made  Inconel  the  choice  for 

dium  altitudes,  would  roar  over  enemy  the  springs,  clips  and  wire  used  to  support 

territory  in  the  dead  of  night.  the  quartz  coil  within  the  Pyrex  cylinder. 

As  it  winged  over  certain  areas,  an  in-  No  other  metal  could  stand  up  under 
termittent  series  of  blindingly  brilliant  such  extreme  temperatures.  Before  Inco¬ 
flashes  would  dart  like  lightning  from  its  nel  was  used,  previous  supporting  metals 
belly.  either  lost  their  springiness  or  became 

Then,  the  plane  would  speed  away.  distorted. 

Such  planes  were  on  photo  reconnais-  With  Inconel  on  the  job,  there  has  been 
sance.  Each  was  equipped  with  a  “super”  no  trouble.  This  high-Nickel  alloy  retains 

flash  tube  a  thousandfold  brighter  than  a  its  properties  at  elevated  temperatures . . . 

news  photographer’s  strongest  flash  bulb.  ■  doesn’t  scale  away . . .  never  rusts. 

In  its  split-second  bursts  of  dazzling  light.  Thermally  diirable  Inconel  is  used  on 
nocturnal  troop  movements  were  easily  many  jobs  where  high  heat  is  a  problem. 
Aimed  from  altitudes  as  high  as  10,000  Perhaps  in  your  product,  too,  you  can  use 
feet.  Inconel  in  some  form  “to  build-in  the  per- 

How  the  "Super"  Flash  Tube  Works  formance  you  plan.*' 

The  source  of  light  is  a  4,000-volt  dis¬ 
charge  between  two  electrodes  in  a  coiled 
quartz  tube  filled  with  a  rare  gas.  The 
outer  container  is  a  cylinder  of  Pyrex.  The  International  Nickel  Company,  Inc, 
A  single  discharge  gives  plenty  of  light  67  Wall  Street  New  York  5,  N.Y 


Detailed  irdormation  on  this  IN  CO  Nickel  Alloy 
is  given  in  Technical  Bulletin  T-7,  "Engineering 
Properties  of  Inconel."  For  your  copy,  write: 


The  "super”  repeating  flash  tube  built  by  Gen¬ 
eral  Electric's  Lama  Department,  Nela  Park, 
Cleveland,  Ohio.  Arrovrs  indicate  the  metal  sup¬ 
porting  ports. 

Possible  peacetime  uses  for  the  flash  tube's 
sudden  bolts  of  sun-like  radiance  include  aerial 
beacons,  marine  lighthouses,  and  scientific  pho- 
togra(>hy. 


NICKEL 


ALLOYS 


.*  •  Sheet . . .  Strip . . .  Hod . . .  Tubing ...  Wire .. .  Costings . . .  Welding  Rods  ( Gas  and  Electric) 

•  ReK.  r.  S.  Pat.  on. 
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tioD  Heating,  by  Lombard  Smith,  Lombard 
Smith  Co. 

Application  of  High  Frequenn  Heating  .to 
Silver  Brasing  and  Soldering,  by  John  Ross, 
Handy  and  Harmon. 

Recent  Developments  in  Design  ef  Dielectric 
Heating  Equipment,  by  V.  Rlconin,  Airtronics 
-Mfg.  Co. 

Use  of  Dielectric  Heating  for  Sterilisation, 
I’asteurisation,  and  Enzyme  Control  in  Foods 
and  Drugs,  by  Kenneth  A.  Smith,  Electronic 
Chemical  Engineering  Co. 

Furniture,  Housing,  and  Lumber  Industries — 
Application  of  High-Frequency  Heating,  by 
K.  8.  Winlund,  Radio  Corp.  of  America. 
Function  of  the  Electric  Utility  in  High-Fre¬ 
quency  Application,  by  H.  H.  Douglas,  South- 
erji  California  Edison  Co. 


MEETINGS  TO  COME 

Jan.  23-26,  Institute  of  Radio  En¬ 
gineers,  33d  Annual  Winter  Tech¬ 
nical  Meeting;  Astor  Hotel,  New 
York,  N.  Y.;  E.  J.  Content,  chair¬ 
man  of  meeting  committee,  WOR, 
1440  Broadway,  New  York  18,  N.  Y. 

Feb.  6-8;  American  Industrial 
Radium  &  X-ray  Society,  Annual 
Convention;  Hollenden  Hotel,  Cleve¬ 
land,  Ohio. 

Feb.  9;  Institute  of  Radio  Engi¬ 
neers,  Chicago  Section ;  Chicago  En¬ 
gineering  Conference  and  Banquet; 
Merchants  and  Manufacturers  Club, 
Merchandise  Mart,  Chicago. 

Feb.  13;  American  Institute  of 
Electrical  Engineers;  Frequency 
Spectrum  Theory  Applied  to  Servo¬ 
mechanisms,  by  E.  B.  Ferrel,  Bell 
Telephone  Laboratories;  Room  301, 
Pupin  Hall,  Columbia  University, 
7  p.m.;  H.  E.  Farrer,  AIEE  Head¬ 
quarters,  33  West  39  St.,  New  York 
18,  N.  Y. 

March  7-9;  Optical  Society  of 
America;  Winter  Meeting;  Hotel 
Statler,  Cleveland,  Ohio.  For  Pro¬ 
gram,  write  A.  C.  Hardy,  Sec.,  Opti¬ 
cal  Society  of  America,  Mass.  Inst, 
of  Technology,  Cambridge  39,  Mass. 

March  13;  American  Institute  of 
Electrical  Engineers;  Non-Lin¬ 
earity  in  Servomechanisms,  by  Dr. 
L.  A.  MacColl,  Bell  Telephone  Labor¬ 
atories;  same  place  as  Feb.  13  meet¬ 
ing. 

March  18-23;  Broadcast  Engineer¬ 
ing  Conference;  developments  since 
1942  in  broadcasting  engineering, 
including  f-m  and  television;  di¬ 
rected  by  Dr.  W.  L.  Everitt,  head. 
Department  of  Electrical  Engineer¬ 
ing,  University  of  Illinois,  Urbana, 
Ill.,  who  requests  addresses  of  those 
interested  so  they  can  be  kept  in- 


or  wrIH  •  •  • 

H.L.D/ILh! 


vVhol''*. Cl  l>‘  Disl  ibrjlOf\ 
lADlO  ElECTRONIC  SUPPIIES  1  PAMS 

17  Union  Square 

NEW  YORK  3,  N.  Y. 

A  L  :fonqu  in  4  811?  3  4  S  A  7 


THE  NO.  3601 1 
Snap-Lock  Plate  Cap 

For  MoMlo,  Induslrkil  and  oMior  opplicationt 
whoro  tighlor  Hion  normal  grip  with  mwHipIo 
lingor  360*  low  rosistonco  contact  it  roqvirod, 
tho  now  No.  3601 1,  "Dotignod  for  Applico- 
fion"  Plato  Cop  it  now  ovcriloblo.  Contact 
toW -locking  whon  cap  it  prottod  into 
potMion.  Intwialod  tnap  button  at  top  ro- 
lootot  contact  grip  for  oaty  romoval  urMiovt 
domogo  to  tubo.  Moldod  block  bokollto,  to 
fH  oil  Ivbot  with  9/16"  diomotor  contact 
forrulo. 


JAMES  JMILLEN^ 
MFQ.  CO.,  INC. 

MAIM  OFFICE  AND  FACTORY 

•;?  MALDEN 
MASSACHUSETTS 
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S.S. White  flexible  shafts  are  more  than  just  basic 
mechanical  elements  for  transmitting  rotational  power 
in  paths  other  than  straight  lines,  and  for  mechanical 
remote  control.  Through  their  use,  instruments  and 
other  types  of  equipment  can  be  simplified  and  im¬ 
proved  and  their  manufacture  made  easier  and  less 
costly.  A  few  examples  are  illustrated. 


Ut0  of  S.S.Whito  floxible 
shafting  for  coupling  ex- 
ternal  control  shafts  or  dials 
to  Yoriablo  olomonts  —  as  in 
this  radio  rocoivor  —  damps 
vibration,  oliminatos  need 
for  precise  mounting  and 
alignment  —  gives  complete 
freedom  in  locating  the  con¬ 
trolled  elements. 


Use  of  S.S.White  flexible  shafts 
for  coupling  variable  elements  to 
control  dials  —  os  in  this  broad¬ 
cast  transmitter  —  permits  loca¬ 
tion  of  elements  to  simplify 
wiring,  facilitate  assembly  and 
servicing,  save  space,  and  cen¬ 
tralize  controls  for  convenient 
operation. 


This  diagram  shows  how  | 

the  use  of  an  S.S.White  I  | _ 

flexible  shaft  gives  you 

wide  latitude  in  determining  equipment  dimensions. 


GET  THIS  FLEXIBLE  SHAFT  HANDBOOK FREE 

This  256-page  standard  handbook  size  ^ _ 

volume  completely  covers  the  subject 
of  flexible  shafts.  It  gives  oil  essential 
technical  data  and  explains  how  to 
select  and  apply  shafts  for  specific  re- 
quirements.  A  copy  will  be  mailed  free, 
if  you  write  for  it  on  your  business 
letterhead. 


This  unit  (cover  removed)  shows  how  an  S.S.White  flexible  shaft  solves 
the  problem  of  operating  a  rotary  switch  or  other  variable  element 
from  a  conveniently  located  outside  point. 


uwHire 


o.  m  division 

DIPT.  I.  10  lAST  40th  ST.«  NEW  YORK  16.  N.  Y._ 

PlIXIllI  SNAm  •  PliXieil  SHAFT  TOOIS  •  AIRCIAFT  ACCiSSORIfS 
SMAU  CUTTINO  AND  ORINDINO  TOOIS  •  SRSCIAl  FORMUIA  RURtiRS 
MOIMO  RfSISTORS  •  RUSTIC  SRKIAlTIfS  •  COHTRACT  RUSTICS  lAOlOIIIO 


Ohco^  /4men£cM  AAAA  Ondcuinial 


Rugged  construction,  low  power  consumption,  ond  the  opplicotion  of 
“Balanced  Heat"  principle  of  construction,  actuolly  increoses  soldering 
efficiency  substontiolly.  Costly  tip  replacements  and  element  burn¬ 
outs  ere  minimised  because  hexagon-shaped  barrels  dissipate  20% 
more  excess  heat  when  irons  are  used  intermittently. 

Literature  describing  the  complete  HEXACON  line — from  40  to  700 
wotts,  and  with  tip  diameters  ranging  from  y^"  to  1%''— on  request. 

HEXACON  ELECTRIC  CO. 

130  WEST  CLAY  AYE..  ROSELLE  PARK,  N.  J. 


William  W.  Farley,  now  assistant 
director  of  the  Research  Division  at 
Collins,  has  for  the  past  four  years 
worked  on  radar  at  Harvard  RRL 
and  at  MIT  Radiation  Laboratory. 

Claude  T.  Everson  will  carry  on 
microwave  design  and  research  in 
the  Research  Division  of  Collins. 
His  work  with  the  U.  S.  Army  Air 
Corps  involved  similar  equipment. 


The  trend  in  industry  towards  HEXACON  irons  is  indicative  of  their 
dependability.  Noteworthy  is  their  use  by  Western  Electric  Company. 


W.  W.  Salisbury 


W.  W-  Farley 


March  27-30;  American  Asso(  u- 
TION  FOR  THE  ADVANCEMENT  OP 
Science;  Annual  Meeting;  St.  Louis, 
Missouri.  H.  A.  Meyerhoff,  Exec. 
Secretary,  Smithsonian  Institution 
Bldg.,  Washington  25,  D.  C. 


April  10;  AIEE;  Applications  of 
Servomechanisms,  by  S.  J.  Mikina, 
Westinghouse  Electric  Corp.  Re¬ 
search  Laboratories ;  7  p.m.  same 
place  as  Feb.  13  meeting. 


Winfield  W.  Salisbury  has  joined 
Collins  Radio  Co.,  Cedar  Rapids, 
Iowa,  as  director  of  their  Research 
Division.  He  was  formerly  engaged 
in  wartime  development  of  radar 
and  the  resnatron  radar-jamming 
tube  at  Harvard  Radio  Research 
Laboratories. 


PERSONNEL 


formed  on  the  program  details. 


Electric 


^  '^BALANCED  HEAP' 

radius  nussin  tip  rapbcmiits 


VACUUM  CLEANERS  that  used  to  drown 
out  the  doorbell,  telephone  or  baby's 
crying  may  soon  be  outmoded.  A  patent 
that  makes  vacuum  cleaners  almost  as 
silent  as  a  vacuum  has  been  issued. 

It  will  take  precision  parts  to  make 
this  and  dozens  of  new  postwar  prod¬ 
ucts  possible.  But  it  will  take  precision 
on  a  low-cost,  mass  production  basis  to 
make  big  volume,  big  profit  markets 


ERICSSON 

SCREW  MACHINE  PRODUCTS  CO,.  INC 

25  L*F«V(tIE  STREET  BROORIYN  1,N  Y 


possible  for  such  products. 

Such  precision  is  our  business  here 
at  Ericsson — has  been  for  more  than 
30  years.  We  are  glad  to  consult  with 
manufacturers  whose  new  designs  are 
more  effectively  marketed  with  close- 
tolerance  parts  produced  at  low  cost. 
(Bthnc)  Some  of  the  many 

thouaanda  of  our  precision  KBItSSSBInsBSS 

parts  that  helped  “Keep 

em  flying  and  Gghiing.”  asTa.usna.i  i.n 


Mufflers  to  Make  Vacuum  Cleaners  Noiseless 


C.  T.  Everson 


F.  L.  Moseley 


Francis  L.  Moseley,  formerly  an 
AAF  Colonel  and  Chief  of  the  Com¬ 
munications  and  Navigation  Labo¬ 
ratory  of  the  Radio  and  Radar  Sec¬ 
tion  at  Wright  Field,  has  joined  the 
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dependability  of  SEEBURG  RECORD  CHANGERS  has  been  proven  by  the  many  years  of  actual  use.  While  new 
more  efficient  features  have  been  included  . . .  the  simplicity  of  the  operating  mechanism  has  been  retained  to 
der  the  same  reliable,  trouble-free  operation  that  characterizes  SEEBURG  RECORD  CHANGERS. 


SEEBURG  Recorder 

The  scientific  and  commercial  development  of  Wire  Recording  is  a  triumph  of  electronic  engineering!  SEEBURG 
engineering  and  research  has  played  a  major  role  in  this  new  recording  and  reproducing 
instrument.  One  simple  control  knob  operates  the  SEEBURG  WIRE  RECORDER  to  record  and 
\  reproduce  speeches,  plays,  meetings,  music,  radio  programs,  etc.  There  are  no  needles  or 


discs  used.^^^^^^^ 

Ceeburo 


1902 


DEPENDABLE  MECHANISMS 
J.  P.  SEEBURG  CORP.  •  CHICAGO 
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Peerless  Power  Transformers 


Constructed  from  the  best  in  silicon  core  steels, 
enameled  copper  wire,  and  high  quality  insulating 
materials  to  provide  a  product  capable  of  con¬ 
tinued  long  life  under  the  most  difficult  conditions 
of  heat  and  humidity.  Several  attractive  types  of 
mountings  available.  Other  transformers,  wind¬ 
ings,  reactors  and  fluorescent  ballasts  in  sizes  and 
capacities  to  meet  your  needs.  Prompt  delivery  if 

you  order  now.  Write  for  new 
catalog. 


engineering  department  of  Collins. 
He  was  responsible  for  development 
of  the  AAF  instrument  approach 
system  for  blind  landing,  and  devel¬ 
oped  the  first  commercially  used 
automatic  radio  compass  for  air¬ 
craft  while  with  Sperry  Gyroscope 
Co.  prior  to  1941. 

Paul  H.  Thomsen  became  chief 
radio  engineer  for  the  Los  AnKeles 
branch  of  Air  Associates,  Inc,,  and 
will  direct  the  activities  of  their 
engineering  department  in  fulfilling 
CAA,  Army  and  civilian  contracts 
for  aircraft  and  ground  radio  com¬ 
munication  and  navigation  equip¬ 
ment. 

William  F.  Fran  kart  will  be  in 
charge  of  engineering  for  a  newly 
formed  radio-electronic  section  at 
Precision  Specialties,  I..0S  Angeles. 
Calif. 

Allan  R.  Ogilvie  has  been  named 
a  vice  president  of  Maguire  Indus¬ 
tries,  Inc.,  and  placed  in  charge  of 
its  Brigeport,  Conn,  plant.  He  was 
formerly  chief  engineer  of  the  com¬ 
pany’s  electronics  division,  a  post 
to  which  Carlton  Wasmansdorff 
succeeds.  The  Bridgeport  plant  is 
being  retooled  for  the  manufacture 
of  railroad,  aviation,  and  marine 
communication  equipment,  radio 
receivers,  and  automatic  record 
changers. 


A.  R.  Ogilri*  N.  S.  Koni«ti 

Norman  S.  Kornetz  becomes  pro¬ 
ject  engineer  in  charge  of  Westing- 
house  television  receiver  develop¬ 
ment,  and  will  devote  particular  at¬ 
tention  to  receiving  units  to  be 
used  in  flight  tests  of  Stratovision. 
He  recently  served  with  the  U.  S. 
Signal  Corps  in  India,  where  he 
was  in  charge  of  all  administrative 
radio  communications  in  the  Cal¬ 
cutta  area. 


N.  A.  Moerman,  formerly  at  Aber¬ 
deen  Proving  Grounds,  Maryland, 
where  he  was  responsible  for 
design  and  maintenance  of  various 
electronic  measuring  equipment, 
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A  MILESTONE  IN  RAILROAD  RADIO! 

**Modern  railroad  transportation  systems  cannot  function  to  their  maximum  effi- 
ciencies  without  the  use  of  modern  communications  networks.  That  is  why  the 
Santa  Fe  System  maintains  complete  telephone  and  teletype,  as  well  as  telegraph 
systems  along  its  entire  thirteen-thousand-mile  right-of-way.  It  is  also  the  reason 
for  Santa  Fe*s  immediate  and  careful  exploration  of  all  new  communications  tech¬ 
niques,  such  as  railroad  radio,  and  accounts  for  the  many  ‘firsts*  contributed  by  the 
Santa  Fe  to  the  railroad  communications  art.** 


Farnsworth  to  design  better  railroad  radio  equipment. 
Efficiency  will  be  increased;  the  way  has  been  opened 
to  reductions  in  purchase  price  and  maintenance  cost. 

Such  tests  add  one  more  milestone  to  the  develop¬ 
ment  of  railroad  communications.  The  engineers  of 
Farnsworth’s  Mobile  Communications  Division  have 
pioneered  many  other  important  achievements.  Backed 
•by  Farnsworth’s  ample  production  facilities,  these  en¬ 
gineers  are  now  prepared  to  offer  practical  radio 
assistance  to  all  the  railroads  of  America. 

The  Farnsworth  Television  &  Radio  Corporation, 
Dept.  E-2,  Ft.  Wavne  1,  Indiana. 


AM  or  FM?  Which  to  use  on  railroad  radio?  This 
question  has  long  troubled  engineers  in  both  the  rail¬ 
road  and  the  radio  fields. 

To  determine  the  comparative  operating  character¬ 
istics  of  AM  and  FM  radio  equipment,  The  Atchison, 
Topeka  and  Santa  Fe  Railway,  in  conjunction  with 
the  Farnsworth  Television  &  Radio  Corporation,  re-‘ 
cently  conducted  an  exhaustive  series  of  tests. 

As  a  result,  railway  men  the  nation  over  have  for 
the  first  time  a  thorough  evaluation  of  both  types  of 
modulation  for  railroad  service.  Of  equal  importance 
is  the  fact  that  the  information  derived  now  enables 


TELEVISION  & 

RADIO  CORPORATION 


Farntwerrti  Radio  and  TaUvnion  Rocaivart  and  Transmittars  •  Aircraft  Radio  Equipment  •  Farntwortli  TokviMon  Tubes  •  Halstead  MobUo 
Communications  and  Traffic  Control  Systems  for  Rail  and  Highway  •  the  Farnsworth  Phonograph-Radio  •  the  Capehort  •  the  Panomuse  by  Capehort 
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joins  Potter  Instrument  Co.  of 
Flushing,  N.  Y.  as  sales  engineer. 

Stanley  Cutler  joins  the  technical 
staff  of  Hoffman  Radio  Corp.,  Los 
Angeles,  as  a  radio  project  engi¬ 
neer. 

Richard  E.  Mathes  has  been  made 
chief  engineer  and  plant  manager 
of  Finch  Telecommunications,  Inc. 
of  Passaic,  N.  J.,  having  been  re¬ 
cently  released  from  active  duty  in 


Commdr.  R.  E. 
Mathes 


the  Navy’s  Bureau  of  Ships,  where 
he  assisted  Capt.  Finch  in  develop¬ 
ment  and  design  of  special  elec¬ 
tronic  equipment  for  ships  and  air¬ 
craft. 


Beverly  F.  Fredendall  is  now 
associated  with  Frederick  Hart  & 
Co.,  Inc.  of  New  York,  a  subsidiary 
of  American  Type  Founders,  in 
design  and  manufacture  of  Record- 
graph  and  Hartron  recording 
equipment.  He  was  previously  with 
National  Broadcasting  Co.  for  16 
years,  handling  operation  and  de¬ 
sign  of  audio  and  video  broadcast¬ 
ing  systems  and  recording  systems. 

W.  P.  Short  has  been  named  chief 
engineer  of  the  newly  created  home 
radio  receiver  department  at  Fed¬ 
eral  Telephone  and  Radio  Corp., 
Newark,  N.  J.  He  has  had  radar 
experience  with  the  Navy  and  radar 
development  work  at  Radiation 
Laboratory,  MIT,*  and  for  a  time 
was  chief  engineer  of  Research 
Construction  Co. 

H.  A.  Snow  becomes  senior  engi¬ 
neer  of  Federal’s  new  radio  receiver 
department.  He  developed  the 
variable  mu  tube  while  with  Boon- 
ton  Research  Corp.,  and  an  elec¬ 
tronic  gage  while  working  on 
production  of  aircraft  transmitters 
at  Foote,  Pierson  and  Co.  of 
Newark  during  the  war. 

S.  J.  Reisman,  formerly  chief  of 
the  technical  publications  section 
of  Bendix  Radio  Division,  Balti- 


The  ideal  miniature  socket  for 

RAILWAY  •  AIRCRAFT 
AUTOMOTIVE 
and  other  commercial  radio 
and  electronics  equipment 


DRAKE  patents  plus  modern  high 
speed  methods  and  machinery  go  a 
long  way  toward  achieving  the  tradi¬ 
tional  excellence  and  economy  of  our 
products.  It  should  pay  you  in  better 
performance  and  lower  costs  to 
specify  DRAKE  for  all  of  the  Socket 
and  Jewel  Light  Assemblies  you 
need.  Ask  for  prices  and  the  newest 
Drake  Catalog. 


Now  ovailobU  for  commorcial  uso  —  Iho 
famous  Eby  miniaturo  tubo  sockot,  tht  only 
socket  mooting  spocification  JAN-S-2S  for 
military  aircraft  uso. 

Dovolopod  to  moot  tho  most  rigorous  sorv* 
ico  conditions  of  constant  vibration  and 
shock,  tho  poaco-timo  applications  of  this 
seckot  aro  roadily  apparent. 

Tho  uso  of  tho  Eby  miniature  tubo  seckot 
with  special  beryllium  copper  contacts  os* 
suros  minimum  tubo  breakage  and  maximum 
uninterrupted  operation  of  equipment. 

Can  bo  supplied  with  shock  shield  ond 
protective  cover  or  saddle  typo. 

(Also  available  with  phosphor  brenzo  con* 
tacts  for  homo  radio  rocoivors.) 


Write  today  for 
Samplos  aod  Prices 
of  tho  Eby  Vibration* 
proof,  shock  -  proof 
miniaturo  tubo 
sockot. 
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SIT  W  ItAIiOM 


WATlOMAl 


COMPANY 


THE  HRO-5TA 


Your  old  friend,  the  HRO,  has  seen  active  service  all 
over  the  world  with  the  armed  forces  of  the  United  States 
and  our  allies.  Much  has  been  learned,  and  the  HRO 
has  emerged  from  its  trial  by  fire  an  even  better  receiver 
them  the  superb  receiver  you  knew  before  the  War. 

The  HRO-5TA  (table  model)  and  the  HRO-5RA  (rack 
mounting)  are  new  receivers  incorporating  design  im¬ 
provements  based  on  field  reports  from  all  over  the 
world.  They  are  superb  performers  of  extreme  reli¬ 
ability. 


The  new  National  catalogue  lists  the  new  HRO-5A 
receivers  and  their  accessories  together  with  a  ver¬ 
satile  group  of  parts  you  will  need  in  your  new  rig. 
Ask  your  dealer  for  a  copy. 


NATIONAL  COMPANY,  INC. 

MALDEN,  MASSACHUSETTS,  U.S.A. 
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What  do  you  need?  Tubes  .  .  , 
capacitors  .  .  .  resistors  .  .  .  elec¬ 
trical  indicating  instruments  .  .  . 
receivers  .  .  .  test  equipment  .  .  . 
recording  equipment?  Here  on 
Harvey’s  shelves  are  a  vast  variety 
of  still-scarce  radio,  electronic  and 
broadcasting  parts  and  equipment. 
From  this  huge  stock,  your  orders 
can  probably  be  filled  without 
delay  .  .  .  and  shipped  to  you 
immediately. 


look.  • 

••LIOHTHOUSr* 

typ« 

OtnTalEUc»rU*i 

VHF  Trjoda. 

444  A_|rand 
guorontaad 

*  W.OO 

QuontUU*  Ui"»«d 


Efficient  and  prompt  harvey  serv¬ 
ice  saves  you  time.  Reasonable 
HARVEY  prices  save  you  money. 
Put  us  on  the  trail  of  what  you 
need  today! 


TalapkoM: 


LOnqacr*  3-1  tOO 


more,  Md.,  is  now  president  of 
Techlit  Consultants,  Inc.,  220  E. 
42nd  St.,  New  York,  N.  Y. 

E.  A.  Leach  recently  joined  Ham* 
marlund  Mfg.  Co.,  Inc.,  New  York, 
N.  Y.,  as  executive  engineer  to 
direct  all  engineering  activities. 
He  comes  from  General  Electric 
Co.,  having  joined  them  in  1928 
after  getting  his  master’s  degree 
from  MIT. 


Tod  Loach  Paul  D.  Zottu 

Paul  D.  Zottu,  formerly  chief 
engineer,  Thermex  Division,  Gird- 
ler  Corp.,  Louisville,  Ky.,  has 
announced  his  entrance  into  the 
field  of  consulting  industrial  elec¬ 
tronic  engineering,  specializing  in 
applications,  equipment  and  com¬ 
ponent  design,  and  equipment  selec¬ 
tion  for  high-frequency  induction 
and  dielectric  heating.  His  new 
address  is  95  Country  Club  Road, 
Newton  Centre,  Mass. 

Marvin  Hobbs  is  now  principally 
responsible  for  engineering  activi¬ 
ties  at  Scott  Radio  Laboratories, 
Chicago.  He  returned  recently  from 
a  tour  of  the  Pacific  Theater  as  an 
Operations  Analyst  for  the  Far 
East  Air  Forces,  and  during  the  war 
worked  chiefly  on  aircraft  control 
and  warning  systems  using  radio 
and  radar  equipment 


Technological  advancements 
brought  about  by  our  wartime 
assignments  provide  critical  en¬ 
gineers  with  "Black  Seal"  blanks 
of  improved  cutting  and  repro¬ 
duction  qualities  plus  more 
satisfactory  play-back  life. 


Rapid  Dallvarlat  fo 

Broodcastieg  Stotioes 
Recording  Stedios 
Motion  Pictnro  Sound  Stodioi 
Schools  ond  Colleges 
Oovernnientol  Agencies 


Ray  H.  De  Pasquale  has  been  made 
vice-president  and  general  manager 
of  the  newly  formed  Press  Wireless 


GOULD-MOODY 

^ wfr'umcil 

Professional  Quality 

Scci(\ 

ALUMINUM 
INSTANTANEOUS 
RECORDING  BLANKS 


Old  AhmlHvm  Blanks  Baaaatad  wHk 
“Black  Saal“  faranda  aa  Skart  Matics 


395  BROADWAY,  NEW  YOR*"  13  N 
Coble  Address  RerordiiC,  Ne»  Yo'»  N  Y, 
E«por*  Dep*  Royol  Nc*:0''a  Co'-r'"* 

89  Brood  S*'..*  N.-  '’’ofi 


M.  Hobbs  R.  H.  De  Pasquale 
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G-E  Textolite  sheets,  tubes 
and  rods  are  manufactured  in  over  fifty 
grades;  consequently  their  versatility  as 
a  laminated  plastics  material  is  broad. 
This  versatility  leads  to  many  new  ap¬ 
plications  .  .  .  applications  where  G-E 
Textolite  fills  the  bill  better  than  other 
types  of  materials.  And  also  since  each 
grade  has  an  individual  combination  of 
properties,  a  wide  range  of  applications  is 
covered  .  .  .  Textolite  is  used  for  many 
purposes,  and  every  grade  is  formulated 
to  do  a  specific  job  well. 

If  you  are  looking  for  a  laminated 
plastics  material — one  that  must  have 
a  special  set  of  properties  for  your  needs 
.  .  .  electrical,  chemical,  mechanical, 
thermal — investigate  the  many  grades  of 
G-E  Textolite;  if  one  of  these  grades 
won’t  meet  your  requirements,  we’ll  do 
our  best  to  engineer  one  that  will. 

For  further  information  write  to  Sec¬ 
tion  S-1,  Plastics  Divisions,  General 
Electric  Company,  One  Plastics  Avenue, 
Pittsfield,  Mass. 


G-E  TEXTOLITE 

IS  SUPPLIED  IN  THE  FOLLOWING  FORMS: 

Sheets,  Tubes,  and  Rods  Molded-Laminated  Parts 
Fabricated  Parts  Post-Formed  Laminates 

Namepiates  Translucent  Laminates 

Low-Pressure  Molded  Parts 


ELECTRIC 


GENERAL 


cs 
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The  DI-ACRO  Bender 
makes  perfectly  centered 
eyes  from  rod  or  strip  stock 
at  high  hourly  production 
rates.  Both  eyes  and  cen* 
teiing  bend  are  formed 
with  one  operation.  Any  size  eye 
may  be  formed  within  capacity  of 
bender  and  ductile  limits  of  ma> 
terial. 


EM-ACRO 
B«nd«r  No.  2 

Forming  radius 
6*  approx.  Capa¬ 
city  round 
cola  rdUed  steel 
bar,  formed  cold 
to  1*  radius.  Also 
Bender  No.  3, 
widt  forming  ra¬ 
dius  9*  apiKOx. 


With  DI-ACRO  Benders 


DI-ACRO 


DI-ACRO  Precision 
Bending  is  accurate  to 
.001"  for  duplicated 
parts.  DI-ACRO  Benders 
bend  angle,  channel,  rod, 
tubing,  wire,  moulding, 
strip  stock,  etc.  Machines 
are  e2isily  adjustable  for 
simple,  compound  and 
reverse  bends  of  varying 
radii. 


Sond  for  CATALOG 

“DIE-LESS”  DUPLICAT¬ 
ING  showing  many  kinds 
of  “dieless”  duplicating 
luced  with  DI-ACRO 
iers.  Brakes  and  Shears. 


"DIE-ACK-RO** 


DI-ACRO  Bondor 
No.  1 

Forming  radius  2* 
approx.  Capacity 
round  cold 
rolled  steel  bar  or 
equivalent. 


oHD 


.PtfaSIONMACHI _ 


^  O'nEIL-IRlUin  IJIFD.  CO. 


321  EIGHTH  AVENUE  SOUTH  •  MINNEAPOUS  IS,  MINN. 


STANDARD 

CRYSTALS 

Send  for  New  Catalog 


Standard  Piezo  Company 

I  Ntahlislic’ii  19^6 

Quart/.  (.'r\stals  and  Frctjiionc)  Control  hAjuipnicnt 
() fju  e  iDJil  Dei  clnf>nu'nt  I .tihouff/ry 

''t  K\\  1(»\.  (  \KI  IM  I  ,  1’^.,  P.  O.  H<)\  16  I  <  ARI  IM  I  ,  l’\. 

. -..j.iM  1 .1  - - -  RefirL  seHtiitii  es  - 

COOPER-DiBLASI  HARRY  A.  LASURE 

259  west  14th  STREET.  NEW  YORK  II.  N.  Y.  2216  WEST  llth  STREET.  LOS  ANGELES  6.  CALIF. 

HAL  F.  CORRY  L.  D.  LOWERY 

3522  GILLON  AVENUE.  DALLAS  5.  TEXAS  1343  ARCH  STREET.  .PH  ILADELPH I  A.  PA. 

THE  FOSTER  COMPANY  MANUFACTURERS  SALES  TERMINAL,  Inc. 

409  LUMBER  BLDG..  MINNEAPOLIS.  MINN.  222  COLUMBIA  BLDG..  SPOKANE.  WASHINGTON 

GERBER  SALES  COMPANY  HARRY  B.  SEGAR  &  COMPANY 

94  PORTLAND  STREET.  BOSTON  14.  MASS.  ELLICOTT  SQUARE  BLDG..  BUFFALO.  N.  Y. 

A.  SIDNEY  HARDY  E.  J.  WALL 

650  BOULEVARD  N.  E..  ATLANTA.  GA.  1836  EUCLID  AVENUE.  CLEVELAND  15.  OHIO 


Mfg.  Corp.,  created  to  meet  inereas- 
ing  civilian  demands  for  communica¬ 
tions  equipment.  He  was  formerly 
director  of  manufacturing  for  Press 
Wireless,  Inc. 

BUSINESS  NEWS 

G.  C.  Wilson  &  Co.,  Chatham,  N.  j., 
was  organized  recently  by  G.  C.  Wil¬ 
son,  its  president,  to  develop  elec¬ 
tronic  controls  for  industrial  appli- 
cations,  with  emphasis  on  servo¬ 
mechanisms  and  remote  controls. 

Cole,  Holdam  &  McGrath,  a  part¬ 
nership  of  three  former  members  of 
the  MIT  Radiation  Laboratory,  has 
been  established  at  107  Massachu¬ 
setts  Ave.,  Boston  15,  Mass,  to  pro¬ 
vide  consulting  service  in  the  fields 
of  radar  and  industrial  electronics. 

Sherman  Industrial  Electronics 
Co.,  Belleville,  N.  J.,  has  been  organ¬ 
ized  as  an  engineering,  manufactur¬ 
ing,  and  service  organization  spe¬ 
cializing  in  electronic  heating.  It 
is  headed  by  Vernon  W.  Sherman, 
formerly  manager  of  Industrial 
Electronics  Division  of  Federal 
Telephone  and  Radio  Corp. 

Bendix  Radio  Division  announces 
completion  of  plans  to  purchase  its 
Towson  plant  from  the  Defense 
Plant  Corp.  for  approximately  $1,- 
700,000  and  has  started  additions 
and  improvements  that  will  cost  an¬ 
other  $500,000. 

Electro  Manufacturing  Co.,  Chi¬ 
cago,  has  purchased  the  General 
Electric  Lamp  Department’s  busi¬ 
ness  in  rectified  fluorescent  and 
Cooper  Hewitt  fixtures. 

Television  Broadcasters  Associa¬ 
tion,  Inc.,  New  York  City,  has 
elected  to  its  board  of  directors 
Ernest  H.  Vogel,  vice-president  in 
charge  of  sales  for  Farnsworth  Tele¬ 
vision  &  Radio  Corp.,  J.  R.  Poppele 
of  Bamberger  Broadcasting  Service, 
and  G.  Emerson  Markham  of  Gen¬ 
eral  Electric  Co.  Other  directors  of 
TBA  include  0.  B.  Hanson  of  Na¬ 
tional  Broadcasting  Co.,  Paul  Rai- 
bourn  of  Television  Productions, 
Inc.,  Allen  B.  DuMont  of  Allen  B. 
DuMont  Laboratories,  Curtis  W. 
Mason  of  Earle  C.  Anthony,  Inc.,  F. 
J.  Bingley  of  Philco  Radio  &  Tele¬ 
vision  Corp.,  and  E.  A.  Hayes  of 
Hughes  Productions.  At  their  recent 
annual  meeting,  the  board  of  direc¬ 
tors  reelected  all  its  officers  for  1946. 
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Approaching  th«  field  in  darkness,  fog  or  storm,  the  pilot  tunes  in  the  radio-activated 
blind  landing  indicator.  Any  drift  to  right  or  left  of  runway  is  indicated  by  fiuctuation 
of  needle  to  right  or  left  of  vertical  dotted  line.  Fluctuation  of  other  needle  above  or 
below  horizontal  dotted  line  indicates  that  rate  of  descent  should  be  corrected.  When 
both  needles  cover  dotted  lines,  proper  glide  path  is  being  maintained. 


Perfecting  the  blind  landing  indicator  in¬ 
volved  a  difficult  problem  in  magnetics. 

Thomas  &  Skinner,  specialists  for  44  J'cars 
in  designing  and  manufacturing  all  sizes  and 
shapes  of  permanent  magnets,  provides  an 
unusual  magnet  containing  ttvo  magnetic  cir¬ 


cuits  and  having  maximum  flux  and  stability. 

For  solution  of  any  of  your  problems  in 
magnetics,  consult  Thomas  &  Skinner  engi¬ 
neers.  Write  us  today. 

THOMAS  A  SKINNiR  STIEL  PRODUCTS  CO. 

1116  East  23rd  StrMi  Indianapolis  5,  Indiano 


Permanent  Magnets 
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NEW  PRODUCTS 

New  materials,  new  components,  new  as¬ 
semblies;  new  measuring  equipment; 
new  technical  bulletins,  and  new  catalogs 

1 

Communication  Transmitters 

Now  IN  PRODUCTION  by  Collins  Ra-  entire  frequency  range,  and  will 
dio  Co.,  Cedar  Rapids,  Iowa,  are  match  a  wide  range  of  antenna  im- 
three  communications  transmitters  pedances  without  the  necessity  for 
described  in  detail  below.  auxiliary  tuning  units.  Keying 

The  231 D  is  a  ten-channel,  2-18.1-  speeds  of  up  to  200  words  per  min- 
mc,  6-kw  communication  transmitter,  ute  can  be  used.  The  frequency  re¬ 
designed  for  point-to-point,  shore-to-  sponse  is  flat  within  3  db  from  160 
ship,  or  ground-to-plane  communi-  cps  to  3,500  cps.  A  compression  cir- 
cations.  It  embodies  the  Collins  Au-  cuit  is  incorporated  to  raise  the  av- 
totune  system,  by  means  of  which  erage  modulation  level.  Harmonic 
the  carrier  can  be  quickly  and  auto-  distortion  is  less  than  10  percent  up 
matically  shifted  to  any  of  ten  pre-  to  100  percent  modulation  at  1,000 
selected  frequencies  with  all  circuits  cps.  Crystal  or  sealed  master-oscil- 
precisely  tuned.  The  maximum  lator  frequency  control  is  available, 
power  output  is  3  kw  on  phone  or  Operation  of  the  transmitter  can  be 
mew,  er  6  kw  on  c-w.  Only  one  set  controlled  from  a  position  as  far  as 
of  tuning  elements  is  used  for  the  25  miles  away.  A  230-v,  50/60-cps, 
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SOO-wott  tronsmlttn 

three-phase,  and  a  116-v,  60/60-cp8, 
single-phase  power  source  are  re¬ 
quired. 

The  16F  is  a  2-20  me,  10-channel, 
500-watt  communication  transmitter, 
provided  with  quick,  automatic  fre¬ 
quency  shift.  The  maximum  power 
output  is  300  watts  on  phone  or  mew, 
and  500  watts  on  c-w.  Keying  speeds 
reaching  200  words  per  minute  are 
made  possible  through  electronic  con¬ 
trol.  Noise  level  is  at  least  40  db  be¬ 
low  100  percent  modulation.  Fre¬ 
quency  response  varies  less  than  3  db 
from  150  to  3,500  cps.  A  compression 
circuit  is  incorporated  to  raise  the 
average  modulation  level.  Harmonic 
distortion  is  less  than  10  percent  up 
to  95  percent  modulation  and  15  db  of 
compression.  Crystal  or  master  oscil¬ 
lator  frequency  control  is  available. 
Operation  can  be  controlled  from  a 
point  as  far  as  25  miles  away  from 
the  transmitter.  The  power  source 
required  is  116  v,  50/60  cps,  single 
phase. 

The  32RA  is  a  four-channel,  75- 
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TWO  NEW  BULLETINS 


YOU  SHOULD  HAVE  IN  YOUR  FILES 


They  contain  complete  specifications  and  other  war  work,  particularly  in  the  development  of 
informative  data  about  the  finest  Emergency  Loran  and  Radar  Transmitters  and  other  vital 

Communications  Equipment  ever  to  bear  the  military  equipment,  are  your  guarantee  of  qual* 

name.  ity  and  performance  to  meet  your  most  exacting 

These  new  HAR-CAM  FM  Transmitters  and  specifications. 

FM-AM  Receivers  now  ready  for  release  oflfer  the  Now  is  the  time  to  get  the 
last  word  in  operating  efficiency,  ease  of  instal-  story  on  HAR-CAM  Emergency 

lation,  and  dependable,  economical  transmission  Communications  Equipment, 

and  deteaion.  HARVEY  of  CAMBRIDGE’S  pre-  Write  for  Bulletins  H-35  and 

war  specialization  in  this  field,  plus  the  skill,  H-36  today.  No  obligation, 

experience^  and  “know-how*’  gained  through  of  course. 

HARVEY  RADIO  LABORATORIES,  INC. 

43f  CONCORD  AVENUE  •  CAMBRIDOE  3B,  MASSACHUSETTS 
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ELECTRICAL  REACTANCE 
CORPORATION 

FRANKLINVILLE,  N.Y. 


i/NCf 


GOLD  STREET  NEW  YORK  7 


Four-channel  transmitter 


watt,  1.5-to-15  me  transmitter  with 
a  panel  control  for  changing  fre¬ 
quency.  The  unit  has  adequate  audio 
characteristics  for  communications 
use.  Operating  from  a  115-v,  50/60- 
cps,  single-phase  line,  the  transmit¬ 
ter  weighs  120  lb  and  measures  12i  x 
22  X  18  in.  The  type  32RB  is  similar 
except  for  substitution  of  a  dyna- 
motor  to  operate  on  d-c  at  12,  24,  32 
or  110  V. 


Made  right ...  to  work  right . . .  and  stay 
right.  Whether  in  stock  ratings  or  to  your 
own  specifications  you  will  find  Hi-Q  com- 
ponenn  precise,  dependable  and  long  lived. 
Mnd  for  samples  and  complete  information. 


Rotary  Selector  Switch 

The  Eastern  Electronics  Corp.,  41 
Chestnut  St.,  New  Haven,  Conn.,  an¬ 
nounces  a  rotary  selector  switch  de¬ 
signed  for  use  where  low  contact 
resistance  and  mechanical  sturdiness 
are  required.  The  switch  contact 
studs  are  forced  into  a  laminated 


Hi-Q  Ceramic  Capacitors  are  of  titanium 
dioxide  (for  temperature  compensating 
types)  and  are  tested  for  physical  dimen¬ 
sions,  temperature  co-efficient,  power  faaor 
and  dielectric  strength.  Cl  type  with  axial 
leads;  CN  type  with  parallel  leads. 


of  an  inch 
in  diameter 


.  .  .  available  in  Platinum 
and  some  other  Metals 


.00001''  is  less  than  1/30  the 
diameter  of  the  smallest  wire 
die  commercially  available. 
Yet  our  Wollaston  Process 
wire  (drawn  in  a  silver  jacket) 
closely  meets  your  specifica* 
tions  for  diameter,  resistance 
and  other  characteristics. 


Hi-Q  Wire  Wound  Resistors  can  be  pro¬ 
duced  promptly  and  in  quantity  —  with 
quality  physical  specifications  and  high 
performance  electric  specifications. 


This  organization  specializes 
in  wire  and  ribbon  of  smaller 
than  commercial  sizes  and 
closer  than  commercial  toler¬ 
ances.  Writ*  for  List  of  Products. 


bakelite  disc  which  also  carries  the 
central  bearing  and  return  contact. 

A  laminated  •  phosphor-bronze 
brush  is  secured  to  the  shaft,  and  ar¬ 
ranged  to  complete  the  circuit  be¬ 
tween  the  switch  studs  and  the  cen¬ 
tral  bearing.  A  detent  disc  is  also 
carried  by  the  shaft  and  secured  in 
fixed  relation  to  the  laminated  brush. 
A  phosphor-bronze  detent  spring  is 


Hi-Q  Choke  Coils  are  uniform  in  their 
high  quality  performance.  Ruggedly  con- 
struaed  for  long  service. 
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138  holes  in  3  press 
operations  with  this  set-up 
of  Whistler  Adjustable  Dies. 

Units  are  then  ready  for  re-use 
in  different  arrangements  as  desired. 


TIME  AND  COST  MINDED  ^ 
PRODUCTION  EXECUTIVES 

•  ••have  long  been  in  the  habit  of 
consulting  Whistler  when  it  comes 
to  dies  for  work  on  sheet  metals. 


Illustrated  below,  ready  for  production,  is  the  Whistler  Single 
Hole  Perforator  set  with  punch  and  die  adaptor  rings  for  per¬ 
forating  to  13^'  in  mild  steel  to  and  including  thick¬ 
ness  w'hen  used  with  Whistler  Punches,  dies  and  strippers. 


A  leading  Whistler  achievement  in  reducing  die-making 
and  production  costs  is  the  multi-use  Adjustable  Per¬ 
forating  Dies  which  enable  most  set-ups  to  be  made 
from  stock  units.  The  Single  Hole  Perforator,  another 
Whistler  development,  presents  new  advantages  in  quick 
changes  and  a  wide  range  of  hole  sizes.  In  fact  Whistler 
adjustable  dies,  group  dies,  and  single  purpose  dies  have 
contributed  greatly  to  the  production  achievements  of 
the  nation’s  leaders  in  practically  every  line  of  manufac¬ 
ture.  Write  for  the  Whistler  catalogs  and  get  the  entire 
story  of  how  to  reduce  manufacturing  costs  and  get  into 
production  faster. 

S.  B.  WHISTLER  &  SON,  INC. 

752-756  MILITARY  ROAD,  BUFFALO  17,  NEW  YORK 


Group  dies  and  special  shapes  to  order.  Often  used  on  the  press  in  combination  set-ups  with  Whistler  Adjustable  Dies. 
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MANUFACTURING  MITALIURGISTS 


sPtriJiisTs  IS  spf cm  cn'STiis 


POLICE  ANO  AltCRAFT 

A  clomped  typ«  crystal  which  must 
pots  Signal  Corps  and  Coast  Guard 
Class  A  spocificcrtions.  Stays  por- 
mpnontly  at  dosircd  froquoncy  •  loss 
than  .01%  drift  ovor  minus  30X  to 
plus  50*C  tumpuraturo  rang*.  Shown 
ot  luft  is  a  duol  unit  for  transmitting 
ond  rucuiving.  Unusually  stoblo  ond 
thurufore  ideal  for  Police  cruisers, 
boats  and  aircraft.  Availoble  from 
1000  to  10,000  KC 

t4  HOim  SMVKK 

OKOERSFORSTANOARDTYPECRYSTALS 
FOR  ARIUNE^POUCE.  AND  OTHER 
EMERGENCY  WILL  6e  FILLED  WITH¬ 

IN  14  HOURS  FROM  THE  TIME  THEY  ARE 
RECEIVED 


Write  Dept,  E.L.  for  compre- 
bentive  catalogue  "Seleetronic 
Crystais’* 


CRYSTAL  RESEARCH  LABORATORIES 

INCORt^OMATf  D 

lABORATOPIES  ANO  M»|N  OTEKI  ?9  ALL’S  STREET  HARIEORD  T  CONS 
Sf-  Yci*  nilitf  IT  I  ?Eli-  SVfft  Nf.  ’ofk  '0  S  Y  P^onf  Mij  b-?9S? 


rigidly  fastened  to  the  Bakelite  disc 
by  means  of  two  posts  and  is  ar¬ 
ranged  to  hold  a  steel  ball  in  contact 
with  the  detent  disc. 

The  advantage  of  this  arrange¬ 
ment  is  that  the  detent  spring  main¬ 
tains  a  predetermined  fixed  frictional 
contact  between  the  laminated  brush 
and  switch  studs.  This  type  of  con¬ 
struction  insures  long  wear  with  a 
constant  low  contact  resistance  less 
than  0.001  ohm. 

In  applications  where  the  switch 
is  subjected  to  an  oxidizing  atmos¬ 
phere,  silver  contact  studs  can  be 
supplied.  Several  sections  can  be 
added  to  obtain  multi-polar  switch¬ 
ing. 

The  switch  is  well  suited  for  such 
uses  as  precision  test  instruments, 
or  where  extremely  low  and  constant 
contact  resistance  must  be  main¬ 
tained,  as  in  shunt  ammeters,  ther¬ 
mocouple  type  measuring  equipment, 
and  Wheatstone  Bridges. 

5 

VHF  Aircraft  Transmitter 

Bendix  Radio,  Baltimore  4,  Md.,  has 
designed  a  very  high  frequency 
transmitter  for  private  flyers  desir¬ 
ous  of  communicating  with  the 


ground  on  the  new  CAA  frequencies, 
131.9  and  181.7  me.  Light  in  weight 
and  crystal-controlled,  it  is  the  first 
item  in  a  series  of  personal  plane 
equipment. 

4 

Low-Wattage 
Bobbin-Type  Resistors 

Three  compact  new  units  rated 
at  1,  2  and  8  watts  at  80  C  ambient 
have  just  been  added  to  the  Sprague 
Koolohm  line  of  wire-wound  bobbin- 
type  resistors  manufactured  by 
Sprague  Electric  Co.,  Resistor  Divi¬ 
sion,  North  Adams,  Mass.  They  are 
wound  with  ceramic-insulated  re¬ 
sistance  wire  on  molded,  high-tem¬ 
perature  plastic  forms  and  are  im¬ 
pregnated  for  protection  against 


fubruuiy  ff44  — R.ECTRONICS 


All  investments  should  be  protected 
—  not  only  for  the  monetary  but  for  conven¬ 
ience  and  time  considerations.  This  is  especially 
true  in  these  days  of  trying  to  be  the  first  on 
the  market  with  new  products.  The  failure  of 
equipment  may  mean  loss  of  time,  money,  and 
prestige.  An  example  might  be  the  burning-out 
from  overloading  of  a  POWERSTAT  Variable 
Transformer  used  in  production  or  laboratory 
testing.  Although  delivery  of  POWER  STATS  is 
prompt  it  takes  valuable  time  for  shipment. 

SECO  engineers  in  realizing  these  facts  have 

provided  the  popular  type  116,  and  when  desired  in  the  1126  and  1226  models,  with  fuse  protection. 

Why  fuse  protection  versus  heat  actuated  devices?  A  fuse  gives  positive  and  instantaneous  action  — 
opening  the  circuit  immediately  when  a  short  circuit  occurs.  There  is  no  danger  of  recycling  —  that 
is,  the  circuit  closing  after  a  period  of  time.  Such  action  might  injure  certain  apparatus  or  the 
operator  who  assumed  the  circuit  to  be  dead. 

We  at  SECO  would  appreciate  your  comments. 

Send  for  Bulletin  LE 

SUPERIOR  ELECTRIC  COMPANY 

702  LAUREL  STREET,  •  •  *  BRISTOL,  CONNECTICUT 

STOCKED  BY  LEADING  DISTRIBUTORS  IN  THE  UNITED  STATES  AND  CANADA 
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tropical  humidity  conditions.  Re¬ 
sistance  tolerance  is  available  from 
percent  to  ±5  percent.  Stand¬ 
ard  temperature  coefficient  wound 
with  nickel-chromium  wire  is  0.017 
percent.  Lower  coefficients  can  be 
provided-  by  use  of  special  alloy 
wires.  Maximum  permissible  tem¬ 
perature  is  150  C. 

Type  RX3,  in.  diam  x  in. 
long  carries  a  maximum  resistance 
value  of  100,000  ohms  when  wound 
with  1.5-mil  ceramic-insulated  wire 
or  25,000  ohms  with  2.5-mil  wire. 
Type  RX4,  I  in.  diam  x  i  in.  long, 
has  a  maximum  value  of  300,000 
ohms  with  1.5-mil  wire  and  75,000 
ohms  with  2.5  mil  wire.  Type  RX5, 
i  in.  diam  x  1  in.  long  has  500,000 
ohms  with  1.5-mil  wire,  or  a  maxi¬ 
mum  of  125,000  ohms  with  2.5  mil 
wire. 


LECTRICAL 

PAPERS 


WRENCH 

Works  Like  a 
Screw  Driver 

Speeds  Production  < 
the  assembly  line. 


Unbreakable  Test  Record 

Universal  Microphone  Co.,  Ingle¬ 
wood,  Cal.,  is  now  distributing  its 
type  D61  constant-velocity  fre¬ 
quency  record  for  use  in  checking 
frequency  response  of  phonograph 
pickups  and  recording  components. 
Pressed  from  new  unbreakable  ma¬ 
terial,  it  is  useful  for  determining 
overall  response  of  recording  and 
reproducing  systems. 

The  record  is  a  12-inch  lateral- 
recorded,  high-grade  pressing  for 
use  on  78  rpm  turntable  and  covers 
the  following  ranges  at  constant 
velocity :  50  to  100  cps  at  plus  7  db ; 
200  to  500  cps  at  plus  14  db;  500  to 
10,000  cps  at  plus  21  db ;  1000  cps  in 
2  db  steps  from  plus  8  to  plus  18  db ; 
and  40  cps  at  plus  18  db. 


Electrical  papers  are  differ¬ 
ent!  That  is  why  it  pays  to 
consult  with  specialists  in 
determining  the  most  effici¬ 
ent  paper  for  a  particular 
purpose.  Our  research  de¬ 
partment,  specialists  in  Elec¬ 
trical  Paper  applications, 
will  be  glad  to  analyze  your 
requirements  and  recommend 
papers  of  correct  properties. 


T-8  Set 

Seven  Standard  Hex 
sizes  in  a  Convenient 
Holder. 


Contains  dato 
on  Electrical 
Paper  proper¬ 
ties  and  a 
wide  variety 
of  samples. 


VHF  Crystal  with  Heater 

A  NEW  CRYSTAL  UNIT,  type  ART, 
is  available  from  Bliley  Electric 
Company,  Erie,  Pennsylvania.  De¬ 
signed  for  services  such  as  police 
and  radio  communications  where 
frequency  stability  must  be  main¬ 
tained  for  temperatures  ranges  of 


I  No.  T-51  ^  ^ 

CHUCK  TYPE 
SPINTITE 

with  Seven  SPINTITES,  three 
Screw  Drivers  and  Ream- 
dwl  in  Leatherette  Roll. 

Sand  for  Catalog  No.  T 

Ml  pictwriiM  a  foil  lino  _ WORCESTER _ 

of  AMtomobilo,  Aircraft 


CENTRAL  PAPER  COAiPANY 

INCORPORATfO 

2442LAKESHORE  DRIVE.  MUSKEGON.  MICH 

OFFICES  IN. 

BOSTON.  NEW  YORK.  BALTIMORE.  BUFFALO.  CLEVFLANO. 
CINCINNATI.  OCTROrr.  CMICACO.  ST.LOUIS.  SAN  FRANCISCO 
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still  Resilient  at  SOtTh  •  fleidble  at  -7(tT. 

Plus  greatly  improved  TENSILE  STRENGTH  — up  from  20Q-330  to  280-500  p.s.i. 


ELONGATION  — up  from  70-115%  to  150-300% 


New  Silastic  Stocks  Avoi/ab/e  For 
MOLDING  •  EXTRUDING  •  LAMINATING  •  COATING 

For  data  sheets  and  recommended  methods  of 
fabricating  these  new  Silastic  stocks,  write  to 

DOW  CORNING  CORPORATION 
MIDLAND,  MICHIGAN 

Chicago  Offlc*:  Builder*’ Building  •  New  York  Offlco:  Empire  Sloto  Building 
In  Canada:  Dow  Corning  Froduct*  Division,  Fiberglas  Canada,  Lid.,  Toronto 


Earlier  st(x:ks  supplied  urgent  wartime  demands 
for  elastic  materials  serviceable  above  and  below 
temperature  limits  of  natural  and  organic  synthetic 
rubbers.  New  stocks  perform  even  better — both  at 
extreme  and  moderate  temperatures. 


Look  to  Silastic  for  insulating  lead  wire  and 
apphance  cords;  for  gaskets  subjected  to  severe 
service  conditions;  for  insulating  heating  elements 
and  resistor  coils;  for  coating  glass  fabrics. 

*n»AO«  MARK,  DOW  CORNINO  CORPORATION. 


Silastic*  makes  history — again! 


Big  new  improvements  in  this  unique  silicone 
rubber  surpass  even  the  previous  history-making 
Silastic  achievements!  The  NEW  AND  IM¬ 
PROVED  SILASTIC  is  leady-NOW-ior  many 
more  difficult  jobs  at  extreme  high  and  low  tem¬ 
peratures.  It  offers  radically  improved  physical 
properties,  excellent  dielectric  values,  and  resist¬ 
ance  to  oxidation  and  ozone. 


m 


m 


.i*'/ 


NOW  COMMERCIALLY  AVAILABLE 


SILASTIC 
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—  55C  to  -|-  75C,  the  unit  plugs 
into  a  standard  5-prong  tube  sock¬ 
et.  A  built-in  heater  operating 
on  6.3  V  at  1  amp  provides  tempera- 
ture  control  within  ±  2C.  This 
permits  an  over-all  frequency  toler¬ 
ance  of  ±  .005  percent  or  better 
including  variations  due  to  tem¬ 
perature  change  as  well  as  toler¬ 
ances  required  for  crystal  produc¬ 
tion.  The  unit  is  available  for  any 
frequency  between  3,500  kc  and 
11,000  kc. 


Ceramic  Trimmers 

Designed  by  Erie  Resistor  Gorp., 
Erie,  Pa.,  the  overall  dimensions,  of 
these  new  trimmers  (types  TS-IF) 
are  i-in.  diameter  x  H-in.  high,  and 
they  are  for  use  in  a  wide  range  of 
applications  in  broadcasting  and 
high  frequency  bands.  Ceramic  di¬ 
electric  is  used  in  the  units.  Capaci- 


An  accurate  signal  source  capable  of  supply¬ 
ing  a  wide  range  of  frequencies  and  voltages. 

Frequency  Range  20  C.P.S.  to  5  MC. 

Output  Voltage  1  mv  to  32  volts. 

Power  Output  1  watt. 


BOONTOr^ADIO 


ACTUAL  SIZE 


tance  change  is  essentially  constant 
per  degree  of  rotation,  and  full 
range  is  covered  in  180-degree  rota¬ 
tion.  Voltage  rating  is  350  v  d-c; 
flash  test  700  v  d-c  for  15  sec;  ini¬ 
tial  Q  factor  at  1  me,  500  min ;  and 
initial  leakage  resistance  10,000 
meg  min.  Noise  level  is  kept  to  a 
minimum  at  high  frequencies. 


for  the  Electronics  Industry 

IN  the  complete  line  of  General  Electric 
phenolic  plastic  knobs,  you  will  And 
a  wide  variety  of  shapes  and  sizes  to 
blend  in  with  practically  any  type  of 
equipment  design. 

Ruggedly  constructed  for  the  hard  and 
constant  use  that  knobs  receive,  these 
black  phenolic  plastic  types  will  not  only 
prove  more  than  satisfactory  but  will 
also  add  a  distinctive  touch  to  the  ap¬ 
pearance  of  any  unit.  Write: 

Electronics  Department 
General  Electric  Company 
Syracuse,  N.  Y, 


Vacuum  Thermocouples 

Measurements  of  currents  and 
voltages  at  uhf  are  now  possible 
with  the  Type  U  vacuum  thermo¬ 
couples  designed  specifically  for 
this  purpose,  by  the  Field  Electri¬ 
cal  Instrument  Co.,  109  East  184th 
St.,  N.  Y.  53,  N.  Y. 

Constructional  features  giving 
maximum  accuracy  at  uhf  include, 
use  of  very  small  diameter,  non- 


GENERAI. 
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NEW  CATALOGS  AND  HANDBOOKS 


Here  are  two  new  catalogs  that  are  packed  with  helpful  information  for  designers 
and  engineers.  Catalog  No.  200  covers  all  General  Control  Company  ''Master'' 
hand  lever  switches.  Catalog  No.  100  has  complete  engineering  informa¬ 
tion,  details  and  prices  on  the  "Master"  line  of  foot  switches.  These 
products  fill  many  requirements  for  switches  in  the  electrical, 
k  electronic  and  communications  field.  . 

If  you’re  thinking  of  switching,  think  of  General  Control 
Company.  If  you’re  thinking  of  switching,  write 

today  for  your  free  copies  of  these  ^ 

catalogs. 


Jobbers  throua' 
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Now!  Get  COPIES 
of  ANYTHING 

^in  a  Jiffy! 


. . .  Right  la  yoar  own  office!  New,  error- 
proof  Method  soves  tiaie,  typing,  hond- 
ropyiag,  drafting  ond  checking! 


Amazing  new  unit— 

a/  ^pico 

W  PHOTOEXACT 

''  Copies  Anything 

*  a.  '  f  WRITTEN 


Ah'i  rnri'  irni'>iJS  cnhini  ' 
iti'itfii.s  (nr  /irinis  nf  (irtii 
li  n{:lh.  up  In  4^"  wide 


TYPED 
PRINTED 
DRAWN 
OR  PHOTO¬ 
GRAPHED 
Even  if  on 
Both  Sides 


Anyone  can  Easily  make  copies  of 
BLUE  PRINTS,  PENCIL  SKETCHES, 
LETTERS,  SPECIFICATIONS, 
TRACINGS,  WIRING  DIAGRAMS, 
GRAPHS,  CHARTS  (over  100  others) 


Here’s  a  way  to  expedite  work  in  every 
department  of  your  business:  Use  quick, 
accurate  AP^CO  photocopies  to  circulate 
important  data,  to  prevent  costly  errors,  and 
to  safeguard  valuable  originals.  Yes,  with 
APCCO  you  can  now  have  all  the  copies  you 
want — when  you  need  them!  AP§CO  copies 
anything!  In  a  recent  nationwide  survey, 
business  executives  reported  137  different 
uses  for  APPCO.  With  this  handy  unit,  any¬ 
one  can  turn  out  accurate,  permanent  copies 
at  1-a-minute  speed,  and  at  very  low  cost — 
even  less  than  the  price  of  a  phone  call!  No 
darkroom  or  technical  knowledge  needed — 
even  a  boy  or  girl  can  operate  APECO — 
"America’s  Most  Widely  Used  Photocopy 
Equipment.’’  Get  full 
information,  TODAY! 


AMERICAN  PHOTOCOPY  EQUIPMENT  C0.« 

2849  N.  Clark  St.,  Dept.  AG26 
Chicago  14,  III. 

Send  me,  without  obligation,  your  20-page, 
fully  illustrated  book  showing  the  “what  and 
“how"  of  Photocopying  and  the  savings  it 
makes  in  time,  money  and  labor. 

NAME . 

COMPANY . 

TITLE . 


ADDRESS . 

CITY . STATE. 


magnetic  heater  wires  to  minimize 
inductance  and  skin  effect;  heater 
and  couple  leads  are  at  opposite 
ends  of  the  glass  bulb  with  the 
couple  at  right  angles  to  the  heater 
to  minimize  both  capacitive  and 
mutual  inductive  coupling  between 
the  heater  and  couple;  use  of  an 
insulating  bead  between  the  heater 
and  the  couple  so  that  except  for 
an  extremely  small  capacitance 
through  the  bead,  the  couple  circuit 


is  electrically  isolated  from  the 
heater  circuit;  reduction  of  the 
length  of  heater  and  lead-in  wires 
so  the  length  of  the  loop  forming 
this  circuit  is  only  li  inch,  giving 
it  an  extremely  low  residual  induct¬ 
ance  and  capacitance. 

The  electrical  efficiency  of  these 
thermocouples  is  such  that  inex¬ 
pensive  millivoltmeters  may  be 
used.  Such  millivoltmeters  are  in 
the  ten  to  fifteen  dollar  class  and 
are  sufficiently  accurate  for  ultra- 
high  frequency  work. 


9 

Cold  Cathode  Recorder  Tube 

A  MODULATOR  GLOW  tube  of  the 
crater  type  that  is  rugged  and  de¬ 
pendable  for  all  photoelectric  uses 
is  designated  type  R-1130  by  the 
makers,  Industrial  Electronics 
Division  of  Sylvania  Electric  Pro¬ 
ducts  Inc.,  Boston,  Mass. 

The  tube,  usually  operated  by  the 
single-ended  output  stage  of  a 
push-pull  amplifier,  provides  a 
modulated,  high-intensity  point-of- 
light  source  by  means  of  a  hollow 
cathode  producing  high  ionization 
density  which  may  be  viewed  in 
depth. 

Current  through  the  tube  varies 
linearly  with  the  signal  voltage 


Here'*  Yoor  Opporlunily  to  be  First  to 

Start  Your  Own 
RADIO  SERVICE 
SHOP 

Complete  Starting-in-Bu*ines* 
Package  Slock*  of 

TEST  EQUIPMENT 
TUBES,  PARTS,  TOOtS 

Act  quickly'  Meet  the  cent  up  demand  lot 
radio  service  Turn  your  special  service  training 
into  o  profitable  business  of  your  own.  No  lusi 
No  worry  Here  s  everything  you  need — 1350 
up  Details  upon  request'  Write,  wire  or  phone 


TRIPLEn 

A.  C..D.  C.  V*ltt 

O-l(WO.25O-100(M000 
kt  1000  ohms  per  volt. 

0.  C 

0-10-100^ 

<Mmm  0400-250,000 
CwM  Black  molded 
3A'«5H'i2H'. 

$16.00  net 


»  All 
PRIORITIES  LIFTED 


HALLICRAFTiRS  SX-28A 

k  $223 


wvd  • 


SUPER  DEFIANT . 8X25  $«4.S0 

SKY  CHAMPION  . S20R  *0.00 

SKYRIDER  MARINE . S22R  74.S0 

SKY  RANGER . S39  110.00 

ECHOPHONE . ECIA  2».i0 

ORDERS  FILLED  AS  RECEIVEDIII 


AMPLIFIERS 


17  Watt  with  PbODO-top . 

25  Watt  with  PhoDO-t<» .... 
35  Watt  with  Record-changer . 


Compiete 
with  tubes. 

17  Watt 

30.30 
25  Watt 

42.40 
35  Watt 

94.40 
SO  Watt 

70.50 

. 42.30 

. 92.20 

. ff.lO 


PHILCO  BEAM  OF  LIGHT 

Selenium  Cell  only,  no  bolder . 1*30 


20%  deposit  required  on  all  C.O.D.  orders.  t% 
trajwportation  allowanee  on  orders  of  $25.00  or 
more  aceompenied  by  pnyment  in  full. 


Wrttwfwr 
nil  CAYAIOO 


KMUIv  SUPPLY  & 
ENGINEERING  CO.,  Inc. 

126  SEIDEN  AVE  DETROIT  1.  MICH. 
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ELECTRONIC  HEATING— Designed  for  high  current,  thi 


le  variable  inductor  shown 
above  is  especially  adaptable  for  electronic  heating  installations.  Available  in  single 
and  dual  models,  with  or  without  coupling  links,  the  series  227  inductors  are  engineered 
to  meet  the  rigid  requirements  of  electronic  heating  circuits.  Wound  with  heavy  copper 
ribbon,  conductor  and  contact  surfaces  may  be  heavily  silver  plated  for  minimum  R.F. 
resistance.  The  dual  model  features  counter-rotating  coils,  providing  automatic  balancing 
for  push-pull  circuits.  Machined  Mycalex  is  used  for  end  frames  and  supporting  bars. 
For  lower  power  electronic  heating  applications  the  Johnson  series  212  variable  inductor, 
shown  at  left,  is  designed  to  give  maximum  efficiency.  Conductor  surfaces  are  of  edge- 
wound  copper  strip,  frames  and  supporting  bars  are  of  machined  Mycalex. 

TRANSMITTERS — The  series  227  variable  inductor  shown  above,  is  also  engineered 
to  meet  demands  of  high-power  transmitter  tank  designs,  while  the  series  212  is 
recommended  for  applications  at  lower  frequencies  in  medium  power  transmitters. 
The  Johnson  series  226  variable  inductor  is  applicable  for  high-frequencies  and  for  a 
wide  frequency  range  by  means  of  its  variable  pitch  design.  The  Johnson  series  204 
inductor  is  widely  used  for  tank  coupling  and  other  transmitter  applications  and  can 
be  supplied  with  either  a  variable  coupling  rotor  or  as  a  variometer. 

VARIABLE  INDUCTORS — Offer  many  important  advantages  to  the  electronic  engineer 
and  manufacturer.  They  provide  close  control  and  adjustment  of  fixed  and  limited 
frequency  range  circuits  and  allow  the  use  of  smaller,  lower-cost,  fixed  capacitors. 
In  series  filters  or  networks  where  it  is  desired  to  simulate  high-capacity,  low-impedance 
conditions  variable  inductors  again  serve  as  desirable  means  of  control. 

Whether  you  need  inductors  for  electronic  heating  equipment  or  transmitters,  you 
will  find  Johnson's  engineering  and  production  facilities  ready  to  meet  your  needs. 
Johnson  fixed  and  variable  inductors  range  in  sixe  from  small,  wire-wound  units  for 
oscillator  and  low-power  stages  to  the  large,  high-power  models  where  copper  tubing 
acts  as  the  conductor  for  both  radio-frequency  current  and  liquid  for  cooling. 


VARIABLE  CAPACITORS  •  INSULATORS  •  BROADCAST  COMPONENTS 
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PRECISION  PARTS 

SMALL  PARTS 
PLAY  BIG  ROLES 


These  intricate  radio  parts  are  typical  of 
the  precision  and  highly  specialized  pro¬ 
duction-capacity  that  have  followed  Ace 
products  around  the  world. 

For  Ace  has  acquired  the  knack  of  ma¬ 
chining  and  grinding  delicate  parts  to 
incredible  accuracies  .  .  ,  doing  it  fast,  on 
a  mass-production  basis.  And  this  is  im¬ 
portant  to  every  manufacturer  engaged  in 
conversion  and  production  of  specialized 
equipment. 

Here  at  Ace,  you’ll  find  the  ingenuity 
and  modern  machinery  to  help  you  design 
parts  for  your  product . .  .  get  them  into 
production,  and  then  turn  them  out  faster, 
with  greater  accuracy,  and  to  amazingly 
close  tolerances. 

If  your  production  problems  involve 
small  parts  and  assemblies  requiring 
stamping,  machining,  heat-treating,  or 
grinding,  check  with  Ace  now.  Send 
sample,  sketch,  or  blueprint  for  quotation. 


regardless  of  changes  in  tube  im¬ 
pedance.  Light  output-current 
characteristics  produce  good  aver¬ 
age  light  response.  Bulbs  are 
selected  to  minimize  distortion  in 
the  optical  path.  Useful  life  is  ex¬ 
tended  through  the  use  of  mica 
baffles  to  reduce  bulb  blackening. 

Use  in  a  typical  facsimile  re¬ 
ceiver  the  light  output  of  the  tube 
is  focused  through  a  baffle  with  a 
sharp  rectangular  opening  to  pro¬ 
duce  a  spot  of  light  0.0072  in.  high 
and  0.0104  in.  wide  on  a  drum  ro¬ 
tating  at  90  rpm.  Scanning  move¬ 
ment  is  0.0104  in.  per  revolution. 

The  tube  is  supplied  in  a  T-9 
bulb  with  intermediate  shell  octal 
base  and  may  be  operated  in  any 
position.  Providing  a  useful  light 
range  between  3500  and  6500 
angstroms  it  will  respond  to  fre¬ 
quencies  between  15  and  15,000 
cps.  Rated  at  135  v  d-c  with  cur¬ 
rents  ranging  from  5  to  35  ma,  it 
requires  a  starting  voltage  of  170 
d-c,  maximum. 


Small  Coaxial  Speaker 

The  Stephens  Mfg.  Co.,  of  10416 
National  Boulevard,  Los  Angeles 
34,  California,  has  developed  the 
Tru-Sonic  Co-axial  Speaker  to 
meet  the  demand  for  a  small,  low 
cost,  two-way  sound  reproducing 
assembly  that  would  give  compar¬ 
able  performance  to  that  provided 


ALLOY  *'A";  Nickel-chromium  alloy,  re- 
sisH  oxidation  at  extreme  temperatures. 
Essential  for  operating  temperatures  up 
to  2100®  F.  Also  used  for  cold  resistance. 
Resists  chemical  corrosion  by  many  inedia. 
Non-magnetic;  specific  resistance,  650 
ohms/C.M.F. 

C.  O.  JELLIFF  MFG.  CORP. 

123  PEQUOT  AVE.  •  SOUTHPORT.  CONN. 


ALLOY  Nominally  contains  60% 

nickeL  15%  chromium,  and  balance  iron. 
High  resistance  to  oxidation  and  corro¬ 
sion.  Widely  used  in  resistances  for  radio 
and  electronics,  industrial,  and  domes¬ 
tic  equipment.  Operating  temperature 
up  to  1700®  F.  Specific  resistance  675 
ohms/C.M.F. 

C  O.  JELLIFF  MFG.  CORP. 

123  PEQUOT  AVE.  •  SOUTHPORT.  CONN. 


ALLOY  "180":  Nickel-copper  alloy  with 
resistivity  of  180  ohms/C.  M.  F.  Widely 
used  for  resistor  elements  up  to  750”  F. 
(400”  C.).  For  radio  controls,  magnets, 
rheostats  and  voltage  control  relays. 

C.  O.  JELLIFF  MFG.  CORP. 

123  PEQUOT  AVE.  •  SOUTHPORT.  CONN. 


PARTS  REQUIRING  THREAD  GRINDING  A 
SPECIALTY.  All  types  of  threads  up  to  5"  in  di¬ 
ameter  by  8"  long  on  parts  up  to  ZV  between  centers. 


ACE  MANUFACTURING  CORPORATION 
for  Precision  Parts 

1255  E.  ERIE  AVENUE,  PHILADELPHIA  24,  PA. 


in  larger,  separate  two-way  sound 
systems.  The  assembly  consists  of 
a  low-frequency  paper  cone,  a  high- 
frequency  diaphragm  operating  in¬ 
to  a  multicellular  horn  and  a  divid- 


ALLOY  "45":  Alloy  of  55®/o  copper,  45% 
nickel  with  a  constant  electrical  resistance 
over  wide  range  of  temperatures.  Specific 
resistance  294  ohms/C.M.F.;  temperature 
coefficient  0.00002  ohms  per  degree  F; 
32  to  212  degrees  range.  Used  in  wind¬ 
ing  of  precision  resistors. 

C  O.  JELLIFF  MFG.  CORP. 

123  PEQUOT  AVE.  •  SOUTHPORT.  CONN. 


KANTHAL:  Exclusive  manufacturers  of 
KANTHAL,  an  outstanding  achievement 
in  resistance  -  wire  development.  Now 
available— complete  date  upon  request. 

C  O.  JELLIFF  MFO.  CORP. 

Ill  KQUOT  AVI.  .  SOUTHran,  CONN. 

Nolei  Alt  alloys  an  prodwesd  la  high-fnqusney 
typo  turnaens,  and  an  turnishnd  bright,  dull  of 
oxidind  finish,  also  with  onamni,  silk,  or  cotton 
insulation. 
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SUCCESSFUL 

oPERurion 


.  •  not  only  on  delivery  day  •  •  but  long 
after  the  initial  installation! 


Silili! 


BROADCAST  EQUIPMENT 


Raytheon  engineers,  through  the  control  and  development  of  new 
techniques,  are  tangibly  meeting  the  challenge  for  better  broadcast* 
ing  installations. 


O  RESEARCH  AND  MANUFACTURE 
BROADCAST  I  NO  INDUSTRY 
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With  advanced  designs  incorporating  every  worthwhile  engineering 
achievement  and  specialized  experience  assuring  the  ultimate  in 
dependable  operating  performance,  Raytheon  equipment  answers 
every  broadcasting  requirement. 

Raytheon  Assures  Engineering  Excellence 

In  every  detail,  Raytheon  design  and  engineering  is  co-ordinated  to 
achieve  completely  successful  "on-the-air”  performance.  Every 
Raytheon  Transmitter  complies  fully  with  F.C.C.  regulations.  All 
Raytheon  speech  input  equipment  exceeds  FM  requirements. 

RAYTHEON  MANUFACTURING  COMPANY 

BROADCAST  EQUIPMENT  DIVISION 


250  Watt  AM  Transmitter 

Flat  frequency  response  from  ?0  to  10,000 
cycles.  Low  noise  level.  Low  distortion  level. 
Triode  type  tubes.  RF  and  power  amplifier 
stages  are  precision  motor  tuned  providing 
micrometer  control.  Video  type  amplifier  in 
buffer  stage.  Silent  natural  draft  ventilation. 
Highest  quality  components. 


A  M  -  FM 

Transmitters,  Transmitter  Accessories,  Trans¬ 
mitting  Tubes,  Speech  Input  Equipment, 
Antenna  Phasing  and  Coupling  Equipment, 
Amplifiers,  Transmission  Line  Accessories,  Cus¬ 
tom  Built  Transmitting  and  Studio  Equipment 


5^ 


65X 

\\  "Vi.. ..“5 

eivts  m*-*;  ,  .  ,fc,  di«.«"' 

r  pir."*::.  A  .”p».  -*!■  ;x 

,0,  it-.»o<**«y-  — 

s.s.wHin 


•  Noiseless  in  operation 

•  A  Strong  and  durable 

•  Good  performance  in  all 

climates 


STANDARD  RANGE 
1000  ohms  to  10  megohms 
•  NOISE  TESTED  • 

At  slight  additional  cost,  resistors  in  the 
Standard  Range  are  supplied  with  each 
resistor  noise  tested  to  the  fdllowing  stand¬ 
ard:  "For  the  complete  audio  frequency 
range,  resistor  shall  have  less  noise  than 
corresponds  to  a  change  of  resistance  of 
1  part  in  1,000,000." _ 

HIGH  VALUES 

15  to  1,000,000  megohms 


THi  S.  S.  WNITf  DENTAL  MFG.  CO. 


INDUSTRIAL 


DIVISION 


DEFT,  t,  to  EAST  40th  ST..  NiW  YORK  14.  N.  Y.. 
ruxiMi  tM«m  .  nsxiui  «MAn  Toois  •  aiiccapt  Accitiocwt 
SMAU  CUttlMO  AND  eilMOIMe  VOOil  .  trtCIAt  ,0«MUiA  ItMinS 
maun  anitioci  •  rtAsnc  vcoAinn  •  comtiact  riAsncs  ootsws 

Cite  of  /4tMn£cieCo  A  AAA  %AM0tUal  Sttf'fp'tUeo 


ZOPHAR 

WAXES 

COMPOUNDS  and 

EMULSIONS 

Materials  for  potting,  dipping 
or  impregnating  all  types  of 
radio  components  or  all  kinds 
of  electrical  units. 

Tropicalized  fungus  proofing 
waxes. 

Waterproofing  finishes  for  wire 
jackets. 

Rubber  finishes. 

Inquiries  and  problems  invited 
by  our  engineering  and  devel¬ 
opment  laboratories. 

Zophar  Mills,  Inc.  has  been  known  for  its  dependable  service 
and  uniformity  of  product  since  1846: 

ZOPHAR  MILLS,  inc 

ESTARLISHED  1t46 

1  17  26th  STREET  •  BROOKLYN  32,  N.Y. 


ing  network,  all  mounted  on  a 
rugged  cast  aluminum  frame,  15j 
in.  in  diam.  and  9i  in.  in  depth. 
The  multicellular  horn  allow.s  a 
vertical  sound  distribution  of  40 
deg.  and  a  horizontal  distribution 
of  80  deg. 

11 

i 

Lightweight  Precision  Motor 

i  A  NEW  A-C/D-C  ELECTRIC  MOTOR, 

I  Model  DS-105,  weighing  only  11  oz 
and  developing  1  inch-oz  torque  at 
!  8000  rpm  and  4  inch-oz  locked  tor- 
*  que  (8000  rpm)  is  now  offered  by 
Electro  Engineering  .  Industries, 
800  N.  Clark  Street,  Chicago, 
Illinois.  Body  dimensions  are 
1.687  in.  diam  by  2A  in.  long,  with 
1  in  diam  shaft. 

A  special  governor  makes  pos¬ 
sible  new  refinements  in  speed  con¬ 
trol  with  accuracy  to  within  0.25 
percent.  For  electronic  applica¬ 
tions  requiring  complete  freedom 
from  radio-frequency  interference, 
a  capacitor  type  motor  is  offered, 
with  the  capacitor  built  perma¬ 
nently  in  circuit.  Small,  perma¬ 
nent-magnet  motors  are  also  avail¬ 
able.  All  motors  may  be  obtained 
with  Torrington  lightweight  blow¬ 
ers  attached  at  one  or  both  ends. 

Motors  are  wound  for  6  to  115 
volts,  and  have  sealed  ball  bearings, 
die-cast  housings,  ground  cores, 
and  laminated  fields. 

12 

Direct-reading  Fliixmeler 

The  DIRECT-READING  fluxmeter  was 
primarily  developed  by  the  Marion 
Electrical  Instrument  Co.,  Man¬ 
chester,  N.  H.,  for  the  very  precise 
measurement  of  the  field  strengths 
of  magnets  used  with  magnetron 
assemblies.  It  is,  however,  a  very 
versatile  instrument.  It  can  be 
used  to  measure  magnetic  fields 
and  gaps  i  in.  or  greater,  within 
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riie  EL  HENCO 

FUSED  PLUG 

Here's  a  plug  lhat  carries  its  own 
fuses  ...  in  fact  two  small  fuses, 
which  provide  complete  protection 
against  damage  to  the  appliance 
and  to  the  main  line  .  .  .  fuses 
are  standard,  available  wherever 
electrical  supplies  are  sold  and 
are  easy  to  replace  when  blown. 


NORMAN  H.  LAWTON  JT-- 

NEW  YORK:  1775  Broadway,  19  INDIANAPOLIS:  635  Pennsylvania  St.,  4 

DIRECT  FACTORY  REPRESENTATIVE 


•  A.  W.  FRANKLIN  MFG.  CORPORATION— Sockets  .  .  .  Terminal  Strips  .  .  .  Plugs  .  . 
Assemblies 


•  ELECTRO-MOTIVE  MFS.  CORPORATION — Moulded  Mica  Capacitors  .  .  .  Mica  Trimmer 
Capcitors  .  .  .  Fused  Plugs  .  .  .  etc. 

•  QUAKER  CITY  GEAR  WORKS — Precision  Gears  for  Industry 

•  UNITED  TRANSFORMER  COMPANY— Transformers 

•  MICA  PRODUCTS  COMPANY — Mica  Sheets  and  Fabricated  Parts 

•  F.  W.  SICKLES  COMPANY  (Eastern  Representative) — I.  F.  Transformers  .  .  .  Antenna 
Loops  .  .  .  Trimmer  Condensers  (mica  and  air  dielectric)  .  .  .  Tuning  Units 


I 

D 


PHENOL  AND  VULCANIZED 

FIBRE  FABRICATIONS 


Close  tolerances,  any  quantity- 


,  Volume  production  and  accuracy  of  BAER  phe¬ 
nol  and  vulcanized  fibre  parts  have  resulted 
in  their  wide  specification  for  every  type  of 
product  and  equipment.  Expanded  facilities 
now  make  it  possible  to  offer  BAER  production 
to  manufacturers  needing  quality  parts  to  exact 
requirements.  Write  today  for  Bulletin  120. 

N.  S.  BAER  COMPANY 

7-1 1  MONTGOMERY  ST.  •  HILLSIDE  N.  J. 


PUNCHED 
STAMPED 
SHAVED 
SAWED 
DRILLED 
MILLED 
TAPPED 


the  range  of  1200  to  9600  gauss. 
The  fluxmeter  consists  essentially 
of  two  special  D’arsonval  instru¬ 
ments  connected  in  series,  provided 
with  suitable  shunts,  current  and 
range  selection  controls.  The  over¬ 
all  accuracy  of  the  instrument  in 
all  fields,  and  at  all  points  on  the 
scale  is  considerably  better  than  1 
percent. 

The  unit  weighs  6i  lb.  in  its 
carrying  case  of  hand-rubbed  oak, 
5  X  6  X  101  in.  It  is  operated  from 
a  single  Type  D  flashlight  cell.  The 
cable  on  the  probe  element  is  41 


feet  in  length.  The  unit  is  pro¬ 
vided  with  adapters  for  use  with 
magnetron  magnet  assemblies  hav¬ 
ing  gaps  of  0.550  to  0.750  in.,  with 
pole  diameters  of  i  in.  and  with 
adapters  for  gaps  of  1.3  to  1.5  in. 
with  pole  faces  of  1§  and  2  in.  in 
diameter.  For  magnetic  measure¬ 
ments  in  fields  of  non-standard 
magnets,  and  other  sources,  the 
probe  element  is  marked  with  cen¬ 
tering  lines  and  provided  with  a 
handle  so  that  it  may  be  inserted 
into  any  field. 

13 

UHF  Triode 

The  new  type  tuf-20  transmitting 
or  receiving  triode  rated  for  250 
me  designed  for  uhf  service  has 
just  been  released  by  Taylor  Tubes, 
Inc.,  2312  Wabansia  Avenue,  Chi¬ 
cago,  Illinois.  Constructed  with  a 
Nonex  glass  envelope  and  a  tan¬ 
talum  plate,  it  will  operate  at  full 
ratings  up  to  250  me  and  at  reduced 
ratings  for  higher  frequencies. 

The  tube  is  designed  primarily 
for  mobile  application  and  its  in¬ 
ternal  structure  has  been  engi- 


14 
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IN  ANY  LABORATORY 


It  is  difficult  to  picture  any  modern  scientific  or  indus¬ 
trial  laboratory  that  does  not  have  need  for  some  G-R 
instrument.  The  considerable  impetus  given  to  elec¬ 
tronic  research  during  the  war  has  greatly  expanded 
the  need  for  G-R  equipment. 

Since  it  was  found^  in  1915,  General  Radio  has 
developed,  manufactured  and  supplied  industry  with  an 
increasingly  large  number  of  instruments  for  audio- 
and  radio-frequency  measurements,  until  at  the  present 
time  the  complete  line  of  G-R  equipment  and  accessories 
is  numbered  in  the  hundreds  of  models. 

General  Radio  insfrumenfs  include: 

INDUSTRIAL  INSTRUMENTS:  Stroboscopes,  Sound  and 
Vibration  Meters  and  Analyzers,  D-C  Amplifier, 
Variac  Continuously- Adjustable  Transformers 

WAVEFORM  INSTRUMENTS:  Wave  Analyzer,  Modulation 
Meter,  Distortion  Meter,  Wave  Filters,  Oscillograph 
Recorder. 

FREQUENCY  MEASURING  EQUIPMENT:  Primary  and 
Secondary  Standards  of  Frequency,  Interpolation 


Equipment,  Heterodyne  Frequency  Meters,  Frequency 
Monitors,  Wavemeters 

BRIDGES  for  measuring:  Capacitance,  Power  Factor, 
Inductance,  Resistance,  Vacuum-Tube  Characteris¬ 
tics 

RESISTANCE:  Standards,  Decade  Resistors,  Resistance 
Units,  Attenuators,  Rheostat-Potentiometers 
CAPACITANCE:  Air  and  Mica  Standards,  General-Pur¬ 
pose  Fixed  and  Variable  Condensers 
INDUCTANCE:  Standards  and  Variable  Inductors 
STANDARD— SIGNAL  GENERATORS 

OSCILLATORS:  Electronic  Audio-  and  Radio-Frequency, 
Pulse  Generator,  Tuning  Forks 

METERS:  Vacuum-Tube  and  Rectifier-Type  Voltmeters, 
Microvolter,  Megohmmeters,  Oxide  Rectifiers 

PARTS  AND  ACCESSORIES:  Switches,  Dials  and  Knobs, 
Plugs  and  Jacks,  R-F  Chokes 

Before  you  buy  any  electronic  laboratory  measuring 
equipment,  it  will  pay  you  to  investigate  the  G-R  line. 


GENERAL  RADIO  COMPANY 


Cambridge  39, 
Massachusetts 


90  West  St.,  New  York  6  920  S.  Michigan  Ave.,  Chicago  5  1000  N.  Seward  St.,  Los  Angeles  38 
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neered  to  withstand  hard  usage. 
Its  instant-lighting,  thoriated  fila¬ 
ment  permits  power  conservation 
during  standby  periods,  a  valuable 
consideration  in  single-battery 
operated  auto  or  airplane  radio 
transmitters. 

Tube  characteristics  are :  size, 
31  in.  overall  height  by  li  in. 
maximum  diameter;  Micalex  octal 
base,  with  grid  and  plate  connec¬ 
tions  brought  out  through  the  top 
of  the  tube;  grid  to  plate  capaci¬ 
tance,  3.6  /ijnf ;  grid  to  filament 
capacitance,  1.8  fi/xf ;  plate  to  fila- 


POSITION. 

COMPANY 

ADDRESS. 


CITY,  ZONE,  STATE . 

□  Check  here  if  you  would  also  like  a 
free  copy  of  our  "Pocket  Library  of 
Engineering  Data,”  a  handy,  finger* 
tip  reference  to  technical  informa¬ 
tion  every  user  of  fastener  products 
should  have. 

□  Please  send  •  few  samples  of  your 
products. 

□  Please  quote  prices  as  per  attached 
request. 


SELENIUM  CORPORATION 
of  AMERICA 


1719  WEST  PICO  BOUIEVARD 
lOS  ANGEIES  15,  CALIFORNIA 


EXPORT  DIVISION  FRA2AR  4  MANSIN 
SOI  Ciai  Ittllt  ShH  (tANCitCO 


IN  CANADA  BURUC  LTD  TORONTO  13  ONTARIO.  CANADA 


QUOTES  NET  PRICESl 

You  can  tell  at  a  glance  exactly  what  ment  capacitance,  0.095  /Aju-f ;  ampli- 
you  pay  when  you  order  STRONG-  fication  factor,  10;  filament  6.3  v 
HOLD  Screw  Products.  Send  for  copy  a-c  or  d-c  at  2.75  amp ;  maximum 
of  our  “Net  Price  Catalog.”  It  is  an  plate  power,  750  v  at  0.075  amp; 
up-to-date  fastener  encyclopedia,  ref-  plate  dissipation,  20  watts.  Typical 
erence  guide,  specification  chart,  and  operation:  Plate  volts,  750;  plate 
NET  price  list  of  precision-made  current,  75  ma ;  grid  voltage,  —  150 
STRONGHOLD  products.  Every  v;  maximum  d-c  grid  current,  20 
purchasing  agent  and  every  engineer  ma  approximate  driving  power,  1.5 
who  specifies  to  2.5  watts;  approximate  carrier 
fasteners  should  output,  40  w  (at  115  me).  The 
have  a  copy.  price  is  $4.95  net. 


MANUFACTURERS 
SCREW  PRODUCTS 
270  W.  Hubbard  St., 
Chicago  10,  ill. 
It's  Faster  to  Phone— 
WHitehali  4680 
Standardize  on 
STRONGHOLD 


MANUFACTURERS  SCREW  PRODUCTS 
270  W.  Hubbard  St.,  Chicago  10,  III. 

Please  send  me  a  copy  of  the  new  STRONG¬ 
HOLD  “Net  Price  Catalog.” 

NAME . 


Patfo  Ihit  Coupon  6n  Your  Lottorhead  and  MaUt 


Marine  Radio  Telephone 


A  SIMPLE,  crystal-controlled  radio 
telephone  suitable  for  installation 
on  medium  and  small  yachts  and 
commercial  boats  is  offered  by 
Hudson  American  Corp.,  25  West 


LIST  PRICE 


$115 

■  rirdoz. 


NIT  PRICI 

Lms  42M-20-10 

48<  Pmr  Dos. 


Hdw-Would  You  Like  it 

IF  APPLES 
WERE  PRICED 
UKE  SCREWS? 

Inconvaniant— to  toy  tha  laasti  Why  should  you 
havo  to  figure  out  o  complicotad  string  of  dis¬ 
counts  to  orrivo  at  your  Nat  prico  for  fa»t»nors? 


METAL  ASSEMBLIES  AND  COMPONENTS 

FOR 

ELECTRONIC  AND  MECHANICAL  DEVICES 


ENGINEERING 


DEVELOPING 


FABRICATING 


ELECTRO-FORMING 


PLATING 


FINISHING 


ERNARD  RICE'S  SONS 


I  N 


MANUFACTURERS  O  F^  Q  U  A  LIT  Y  M  ET  A  L  P  RO  D  U  CTS  '  S I  N  C  E  1867 

OFFICE:  3  2  5  FIFTH  AVENUE,  NEW  YORK  16,  N.Y. 

WORKS:  1  3  9-  1  4  5  NORTH  TENTH  STREET,  BROOKLYN  11,  N.Y. 


»l*CTOM 


Look  for  this 
distinctive  new 
gray  and  red 
package 


HUDSON  AMERICAN  CORPORATION 


A  iuhsiciiar  y  of  Rcevei-  Ely  Laboratories  Inc 


43rd  St.,  New  York  18,  N.  Y.  One 
model,  the  Seafarer,  is  13  in.  high 
16  in.  wide  and  9  in.  deep,  rust' 
proofed  and  tropicalized,  with  five 
frequency  channels  available.  Cry- 
stal  kits  are  available  for  all  fre¬ 
quencies  assigned  for  this  type  of 
communication.  It  operates  on  6 
or  12  V  d-c,  and  output  power  is 
about  15  w. 


ANOTHER 
SPECIAL  BY 
PROGRESSIVE 


Shunt-Type  Resistor 

Eastern  Electronics  Corp.,  41 
Chestnut  St.,  New  Haven,  Conn.,  has 
recently  developed  the  tsrpe  XM  shunt- 
type  resistor  for  use  as  a  shunt  and 
series  resistor  in  measuring  circuits 
where  a  power  rating  up  to  25  watts 
is  required.  The  resistor  is  so  de¬ 
signed  that  the  resistance  element  is 
completely  enclosed  and  protected 


"Silt. 


„  WOOD  ST-  _ 


from  mechanical  injury,  and  the  en¬ 
closure,  with  its  impregnation,  forms 
a  substantially  fume-  and  moisture- 
proof  protection.  The  element  is 
manganin  wire  or  ribbon,  and  can 
be  adjusted  to  an  accuracy  of  0.1 
percent.  This  type  of  resistor  can  be 
supplied  in  resistance  values  of  0.01 
to  10  ohms. 


with 

OUTSTANDING  QUALIFICATIONS 


Variable-Speed  Drive 

A  NEW  ELECTRONIC  SPEED  control  is 
being  marketed  under  the  name 
Servotron  by  the  Submarine  Signal 
Co.,  160  State  St.,  Boston  9,  Mass. 
Although  similar  to  variable  speed 
drives  supplied  for  some  time  to 
the  machine-tool  industry,  the  new 
model  embodies  a  number  of  new 
principles  and  features  which  are 
expected  to  create  new  industrial 
techniques. 

The  a-c  operated  electronic  con¬ 
troller  runs  a  d-c  motor  at  speeds 
which  are  infinitely  variable  with¬ 
in  the  motor’s  speed  and  load 


Sound  engineering  and  no  sacrifice  in  quality  have 
made  HUDSON  AMERICAN  TRANSFORMERS  and 
REACTORS  the  most  economical  components  for 
electronic  and  Radio  applications. 

Specify  Hudson  American  Transformers! 

Write  for  catalog  1045 
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Permanently  Insulated  Rockbestos 
Wires,  Cables  and  Cords 

TURK  THUMBS  DOWH 

ON  WIRl  fAllURlS... 


.4  few  of  the  125  different  wires,  cables  and  cords  designed 
for  severe  or  unusual  operating  conditions  by  Rockbestos. 


ROCKBESTOS  FIREWAU  HOOKUP  WIRE 

SizfB  So.  to  4  UT/'  in  ItXJO  roll  rating,  and  No.  12, 14 
•'and  16  A  WG  in  3000  volt  insulatfd  irith  high  dielectric  syn¬ 
thetic  tape,  imirregnated  felted  aM^estos  and  covered  with 
color  coded  lacquertd  glass  braid. 

Ideal  for  sniull  motor,  coil,  transformer  and  dynamotor 
leads  and  bunched  wiring  in  coiiipact  apparatus.  The  first 
small  diameter  heat  and  flame  resistant  hiKh-dielectric 
hookup  wire,  designed  in  1937  and  approved  by 
the  C.A.A.  for  use  in  airborne  radio  equipment.  Widely 
used  since  in  automotive  and  ground  communications  sys¬ 
tems,  electronic  devices  and  apparatus.  Operating  tem¬ 
perature  range  145*’  C.  to  minus  50°  C.  Also  in  twisted 
pair,  tripled,  shielded  and  multiple  constructions. 


ROCKBESTOS  THERMOSTAT  CONTROL  WIRE 

Sizes  No.  14, 16  and  18  AWG  in  two  to  six  conductors  with 
J0126*,  or  X)26*  or  {for  116  volt  service)  JOSI  ’  of  imirregnated 
felted  adrestos  insulation  and  steel  armor. 

This  multi-conductor  control  wire  is  widely  use<i  for  low 
voltage  inter-communicatiM,  signal  and  temperature 
control  systems.  Its  heat,  name  and  moisture  resisting 
asbestos  insulation  assures  troubleproof  circuits  and  the 
rugged  steel  armor  protects  against  damage  and  abrasion 
during  installation. 


ROCKBESTOS  A.V.C.  600  VOLT  SWITCHBOARD  WIRE 
Nat.  Elec.  Code  Type  AVB— max.  operating  temp.  194°F. 

Sizes  No.  18  to  No.  410  .\WG  with  varnished  cambric  and 
imirregnated  adrestos  insulation  and  gray,  black,  white  or 
colored  flameproof  braid. 

Combine  fire  insurance  and  fine  appearance  in  your 
switchboards  and  control  panels  with  Rockbestos  Switch¬ 
board  Wire.  It  Ls  fireprimf  and  will  not  dry  !out  under 
heat.  Sharp,  clean  bends  can  be  made  without  cracking 
as  the  asbratos  wall  acts  as  a  cushion  under  the  braid. 
Rock bcstos.\.V.C.  Hinge  Cable  and  Switchboard  Bus  Cable 
have  the  same  fireproof  and  heatproof  characteristics. 


Another  New  Rockbestos  Firewall  Construction 

Rockbestos  High  Temperature  Wire — with  a  maxi¬ 
mum  operating  temperature  of  400°F. — designed  for 
jet-prtipelled  plane  applications,  circuits  to  hot- 
wing  de-icers,  fire  detectors  and  extingui.shers,  and 
air  heating  units  where  baking  temperatures  de.stroy 
ordinary  in.sulation.  I’nder  continuous  operation  at 
rated  temperature  it  retains  its  original  dielectric 
strength  and  resi.stance  to  flame,and  progressively 
improves  in  its  re.sistance  to  moisture  and  abrasion. 
Now  available  for  other  severe  applications.  Write 
for  information  and  samples. 


NEW  YORK  BUFFALO  CLEVELAND  CHICAGO  PITTSBURGH 


When  dependable  performance 
calls  for  a  wire,  cable  or  cord  that  must  withstand  high 
ambient  temperatures,  conductor-heating  overloads  or 
heating  and  cooling  cycles  .  .  .  oil,  grease,  corrosive 
fumes,  moisture,  and  even  flame  ...  it  will  pay  you  to 
look  over  the  permanently  insulated  wdres  Rockbestos  has 
developed  in  specializing  on  constructions  for  severe  or 
unusual  operating  conditions. 

You*!!  probably  find  the  wire  you  need  for  improved 
performance  in  our  line  of  125  standard  heat  and  flame 
resistant  constructions.  To  mention  a  few,  there  are  tiny, 
space  saving  control  cables  with  3  to  6  conductors  in  sizes 
20  to  26  AWG,  and  other  larger  multi-conductor  construc¬ 
tions  .  .  .  600  volt  motor  lead  cable  and  power  cables  rated 
at  600  to  5000  volts  from  18  AWG  up  .  .  .  asbestos  insu¬ 
lated  magnet  wire  .  .  .  and  then  there’s  Firewall  Hookup 
Wire,  a  thin-walled  high-dielectric  construction  in  braided, 
shielded  and  multiples,  so  resistant  to  heat  and  flame  that 
even  though  the  conductor  gets  red  hot  the  insulation 
still  maintains  coverage. 

And  for  those  applications  w^here  a  standard  won’t  do 
Rockbestos  Research  will  gladly  tackle  the  problem  and 
develop  a  wire  that  will  meet  your  mechanical  and  per¬ 
formance  requirements  .  .  .  just  as  it  has  for  many  manu¬ 
facturers  of  electrical  products.  For  recommendations, 
samples  or  engineering  assistance  write  the  nearest  dis¬ 
trict  office  or:  • 

ROCKBESTOS  PRODUCTS  CORPORATION 
432  NIcoll  St.,  N«w  Hav«n  4,  Conn. 


ROCKBESTOS  RESEARCH 

Solves  Difficult  Wiring  Problems 


DO  YOUR  SHARE  WITH  VICTORY  BONDS 

ST.  LOUIS  LOS  ANGELES  SAN  FRANCISCO  SEATTLE  PORTLAND.  ORE. 
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capacity.  It  maintains  uniform 
torque  over  the  entire  speed  range. 
The  drive  eliminates  changing  of 
gears  encountered  in  mechanical 
drive  systems. 

The  Servotron  has  instantane¬ 
ous  dynamic  braking  and  instant 
reversal  without  speed  overrun. 
Within  the  coming  year  it  is  ex¬ 
pected  that  a  complete  line  of 
drives  from  1/50  hp  to  5  hp  will  be 
available.  Larger  units  are  also 
being  developed. 


^  COST?  DON’T  LET  THE  COST  OF  A  MOLD  ^ 
X  FOR  EXPERIMENTATION  PURPOSES  STOP  1 
f  YOUR  CONSIDERATION  OF  SMALL  PLASTIC  1 
^  PARTS  TO  BE  USED  IN  A  NEW  PRODUCT.  ( 
GRAYHILL  SPECIAUZES  IN  SINGLE  AND  TWO 
CAVITY  MOLDS,  AND  ALSO  SHORT  PRODUCTION 
RUNS  OF  SMALL  PLASTIC  PARTS.  JUST 
A  ENOUGH  PARTS  FOR  YOUR  SAMPLE  AND 
I  \  PRE-PRODUCTION  REQUIREMENTS,  J 


Railroad  Loudspeaker 

Operadio  Manufacturing  Co.,  St. 
Charles,  Illinois,  announces  develop¬ 
ment  of  a  loudspeaker  for  outdoor 
use.  The  unit,  completely  sealed  and 
weatherproofed,  can  be  mounted  in- 


5  North  Pulaski  Read, 
Chicago  24,  Illinois 


side  or  outside  locomotive  cabs  and 
on  stationary  equipment.  Its  con¬ 
nection  to  standard  railroad  con¬ 
duits  can  be  made  without  exposing 
the  interior  of  the  unit.  Air  pressure 
on  the  diaphragm  is  minimized  by 
a  new  method  of  construction. 


Servo-Generator  and 
Sine-Wave  Power  Generator 

Westinghouse  Electric  Corp., 
Pittsburgh  30,  Pa.,  reveals  details  of 
an  a-c  driven  exciter  and  d-c  gener¬ 
ator  used  in  tracking-type  radar. 
Linear  response,  extremely  low  gen¬ 
erator  residual  voltage  and  quick  re¬ 
sponse  have  been  engineered  into  the 
so-called  mechanical  amplifier.  Also 


For  advmrtUing  and 


book  ratos,  call  your 


ogoncy  or  write 


A  DIRECTORY  OF  AMERICAN  INDUSTRY 


CHICAGO  11,  ILL 
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ELECTRONIC 

A.  C.  VOLTAGE 


Model  250 


AVAILABLE  FOR  IMME 

Model  No. 

250 

1000 

1750 

5000 


REGULATORS 

by  Sorensen 


Model  1750 


lATE  DELIVERY: 

Load  Range 

25  to  250  V.A. 

OD  to  1000  V.A. 

00  to  2000  V.A. 

00  to  5000  V.A. 


NOTE  THESE  FEATURES: 


•  Output  voltage  maintamed  to  within  d=  .2%  (adjustable  110-120  volts) 
with  input  fluctuations  95  to  1 30 

•  Outpuh  voltage  constant  to  .2%  despite  variations  in  load  over  entire 
rated  range  of  unit 


•  Minimum  wave  form  distortion — about  5%  average 

•  Independent  of  load  power  factor 

•  Independent  of  frequency  variations  =t  15% 

O  Quick  response  time — output  voltage  stabilized  in  SIX  cycles  maximum 

•  Built  for  long,  trouble  tree  service.  Component  parts  conservatively 
rated — transformers,  etc.  hermetically  sealed 

For  additional  information  and  prices,  write  the  factory  or  our  Sales  Representative  nearest  to  you. 
East  Coast  Middle  West  West  Coast 

BURLINGAME  ASSOCIATES.  LTD.  ALFRED  CROSSLEY  ASSOCIATES  N.  B.  NEELEY  ENTERPRISES 
1 1  PARK  PLACE  549  V^EST  RANDOLPH  STREET  7422  MELROSE  AVE. 

NEW  YORK  CITY  CHICAGO.  ILLINOIS  HOLLYWOOD.  CALIF. 


NEW  ENGLAND:  IRVING  I.  KAHN  CO.,  3324  Main  St..  Hartford,  Conn. 

i®sa!isf  guKi  &  assa 


airborne  electronics 


STAMFORD 


CONN. 
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available  is  an  engine-driven  400-cps, 
8-kva  generator  which  has  seen  air¬ 
craft  service  in  supplying  sine-wave 
power  to  a  radar  load.  The  gener¬ 
ator  has  an  outside  diameter  of  6  in. 


Small  Gearmotor 

John  Oster  Manufacturing  Co., 
Racine,  Wis.  has  added  two  new  types 
to  its  line  of  fractional-hp  motors, 
with  outputs  in  the  range  1/1000  to 


We  ship  at  once— parts, 
equipment,  whatever  you  need! 


This  house  began  its  career  almost  as 
early  as  Broadcasting  itself!  Today,  25 
years  later,  we’re  the  world’s  largest  radio 
supply  house  with  a  constant  stock  of  well 
over  10,000  parts!  Just  tell  us  what  you 
need  and  we’ll  ship  it! 

Standard  Lines:  National,  Hammarlund, 
R.C.A.,Hallicrafters,  Bud,  Cardwell,  Bliley, 
and  all  the  others  you  know  so  well ! 

SUPERSPEED  SERVICE  Orders 

shipped  out  same  day  received. 


1/2000  hp.  Available  in  4-pole  or 
2-pole  types,  with  or  without  gear 
reduction,  these  precision  capacitor 
synchronous  and  induction  motors 
are  suitable  for  instrument  and  con¬ 
trol  applications. 


Prompt  delhrery  from  the 
largest  stock  in  the  nofloa/ 


Screws  .  .  .  nuts  .  .  .  washers  . . . 
pins . . .  Allmetal  carries  the  largest 
stock  in  the  country  of  stainless 
steel  fasteners  and  screw  machine 
ports.  We  also  have  facilities  for 
heading,  tapping,  drilling,  ream¬ 
ing,  slotting,  turning,  stamping, 
broaching  and  centerless  grinding 
.  .  .  and  we  work  not  only  with 
stainless  and  monel,  but  also  with 
duralumin,  oluminum,  brass, 
bronze,  or  any  other  non-corrosive 
metaL  All  parts  produced  to  close 
tolerances.  Write  for  our  catalog 
today.  Allmetal  Screw  Products 
Co.,  33  Greene  St,  New  York. 


f)  ^  ENGINEERING  SERVICE  If  your 
engineering  problem  requires 
special  equipment,  we’ll  make  it. 

WHOEVER  YOU  ARE . . .  industrial  organiza¬ 
tions,  laboratories,purchasing  agents,radio 
dealers  and  service  men,  training  schools, 
amateur  operators  and  experimenters 
—we’ll  supply  you  fast  and  economically. 


V  olt-Ohm-Milliammeter 

The  Triplett  Electrical  Instrument 
Co.,  Bluffton,  Ohio  now  has  available 
the  model  2405  multi-range  meter 
with  the  following  scales:  d-c  volts, 
0-50-250-500-1,000  at  25,000  ohms 
per  volt ;  a-c  volts,  0-50-250-500-1,000 
at  1,000  ohms  per  volt ;  d-c  amp,  0-10 


This  nsw,  SS-pags 
catalog  holps  you  ss- 
loct  tho  cofroct  tus 
and  typo  ol  non-cor- 
rosivo  iastoning  d«* 
vico  for  any  particular 
job.  Includes  stock 
sizes,  specials  that 
cem  be  made,  engi¬ 
neering  data,  etc. 
Make  request  on  com¬ 
pany  letterhead. 


ttadio  Wire 
Television  inc. 


New  1946  Flyer  packed  with  all  the  things 
you  need  right  now.  Mail  coupon  below! 


tt.  W.  T.  Dtpl.  EB-6 

l«.0  SVENUI  OF  TNI  AaiNlOU,  NEW  TOM  13 
I  want  your  latost  froo  1946  Elyor. 


ALKMETAL 

SCREW  PRODUCTS  CO. 

33  Oreeae  Street.  New  York  13 


(call  letters). 


February  1946  — ELECTRONICS 


c'6n.» 


OSCILLOGRAPH 


Model  339  D.  B.  OSCILLOGRAPH.  PRICE  £40  Net  F.O.B. 

APPROXIMATE  PERFORMANCE  DATA 
TIME  BASE  ...  5  -  250,000  cp.s. 

Frequency  Bond  Sensitivity 

AMPLIFIER  Gain  in  c.p.s.  —  3db.  mV.RMS/ mm 

1  stage  28  10-  100,000  43.0 

2  stage  High  Gain  900  10—  100,000  1.3 

Wide  Band  106  10  -  2,000,000  10.0 


Seven  years  after  its  appearance  in  1938,  the  Cossor  Double  Beam  Oscillograph  is  still 
unique.  The  intrinsic  value  of  the  technique  introduced  by  this  instrument,  which  provides 
true  simultaneous  indication  of  any  two  effects  on  a  common  time  axis,  has  long  been 
proved  in  all  fields  of  research  and  production  testing  —  both  on  recurrent  and  transient 
work.  It  is  an  understatement  to  say  that  practice  has  revealed  no  sphere  of  investigation 
where  its  use  is  not  at  least  advantageous.  Although  of  enhanced  performance,  the 
instrument  is,  in  changeability  of  COSSOR  single  and  double  beam  trapezium-corrected 
tubes,  true  double  beam  technique  has  been  provided  without  inherent  limitations  or 
distortions.  These  fundamental  qualities  have  been  responsible  for  its  selection  as  the 
standard  Oscillograph  for  most  of  the  Allied  Nations'  Armed  Services.  Thus  precluded 
earlier  from  acquainting  American  users  of  the  “double  beamer”,  we  are  now  able  to 
make  good  this  omission  and  satisfy  also  the  friendly  urging  of  A.E.F.  Technicians  who 
have  all  wanted  “the  folks  back  home”  to  know  about  it. 


ENGLAND 


CABLE  ADDRESS:  Amplifiers  London 


CABLE  CODES:  BentI 
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RUGGED  Screw  Terminals 
for  a  RUGGED  Rheostat 


The  sturdy  screw  terminals  are 
integral  with  the  massive  ce« 
ramie  winding  core— a  great  core 
that  gives  25%  more  capacity. 
These  solid  screw  studs  cannot  he 
deformed  nor  ripped  loose. 

And  this  is  only  one  of  several 
exclusive  features  of  this  line  of 
rheostats,  ranging  from  50  to  500 
watt  capacity. 

Our  10  watt  and  25  watt  rheo¬ 
stats  also,  and  many  different 
types  of  Hardwick-Hindle  resist¬ 
ors,  offer  other  exclusive  advan¬ 
tages. 

Write  us  today.  Our  engineers 
are  at  your  service. 


<S> 


HARDWICK,  HINDLE,  INC. 

RHEOSTATS  and  RESISTORS 
Subsidiary  of  THE  NATIONAL  LOCK  WASHER  COMPANY 
NEWARK  5,  N.  J.  BfABUSHED  18M  y  5 


BAKELITE  SHEETS, 
RODS  AND  TUBES 


On  special  mill  ship¬ 
ments  we  can  give 
prompt  delivery.  Also 
complete  fabrication 
service  backed  by  over 
20  years  of  experi¬ 
ence. 

ELECTRICAL 
INSULATION  CO.,  INC. 

12  Vastry  St..  New  York  13.  N.  Y. 


a-c  amp,  0-0.5-1-5-10 ;  d-c  ma,  0-1-10- 
50-250;  d-c  /la,  0-50;  ohms,  0-4,000- 
40,000 ;  megohms,  4-40.  As  an  output 
meter,  the  instrument  is  used  with  a 
capacitor  in  series  with  the  a-c  volt 
scale. 

The  6-in.  microammeter  has  a 
5.6-in.  scale  for  easy  reading.  Bat¬ 
teries  are  self-contained  in  a  metal 
case  10x10x53  in.  which  has  a 
hinged  cover  and  handle.  Leads  are 
furnished.  The  meter  weighs  ap¬ 
proximately  11  lb.  \ 
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Vacuum-Tube  Voltmeter 

The  Precision  Apparatus  Company, 
92-27  Horace  Harding  Blvd.,  Elm¬ 
hurst,  N.  Y.,  is  manufacturing  the 
EV-IO-P  portable  vacuum-tube  multi¬ 
range  tester  with  all  zero-center  vac¬ 
uum-tube  voltmeter  ranges.  It  in¬ 
cludes  direct  reading  megohmmeter, 
milliammeter,  ammeter,  output  and 
decibel  meter.  Sensitivity  is  1,000 
ohms  per  volt  for  a-c  and  d-c  volt¬ 
meter  ranges. 

Incorporating  a  full  7-in.  rectan¬ 
gular  meter,  the  instrument  employs 
a  stabilized  bridge  circuit  using  only 


three  tubes,  a  6C5,  6X5,  and  VR150. 
The  power-supply  plate-voltage  out¬ 
put  remains  constant  over  severe  line 
voltage  variations,  eliminating  an¬ 
noying  meter  vs  line  voltage  shift. 
The  meter  is  zero-center  on  all 
ranges  when  used  in  the  vtvm  circuit, 
indicating  both  polarity  and  magni¬ 
tude  without  reversing  the  prods  or 
use  of  a  polarity  switch. 

The  tester  is  designed  to  peimit 
rapid  checking  of  voltages,  currents 
and  resistances  encountered  in  tele- 
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MOVING  AIR... 


15  CUBIC  FEET  A  MINUTE 
ONLY  2  Vz"  OF  SPACE  NEEDED 

The  blower  illustrated.  No.  1 V2*,  is  one  of  many  blower  models 
manufactured  by  the  L-R  Mfg.  Div.  with  C.F.M.'s  at  8000  R.P.M. 
ranging  from  15  to  270.  These  blowers  will  outperform  many 
larger  and  heavier  types  formerly' in  use  and  where  size  and 
weight  are  factors,  they  are  the  answer  to  cooling  problems  pre¬ 
sented  by  electronic  tubes  or  circuit  components  in  airborne 
communication  units  as  well  as  in  many  industrial  applications. 

♦WEIGHT:  2  oz.;  CAPACITY:  15  C.  F.  M.  at  8000  R.  P.  M.; 

CONSTRUCTION:  Housing  of  high  impact  phenolic  plastic. 

Wheel  is  turbo-type  cadmium-plated  steel;  SIZE:  2%'^  long 

X  61/64"  wide  x  2'^h!'  high. 


BLOWER  DIVISION 


RIPLEY 


13  NEW  LITCHFIELD  STREET 


TORRINGTON,  CONNECTICUT 
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FOR  RADIO  AND 
ELECTRONIC  APPLICATIONS 

ONAN  ELECTRIC  GENERATING  PLANTS 
supply  reliable,  economical  electrical  service 
for  electronics  and  television  applications  as 
well  as  for  scores  of  general  uses. 

Driven  by  Onon  4-cycle  gasoline  engines, 
these  power  units  are  of  single-xinit,  compact 
design  and  sturdy  construction. 
Suitable  for  mobile,  stationary  or 
emergency  service. 

Mod*l>  rang*  from  350  te  35,000 
wolta,  A.  C.typ*s  from  1151*660 
volH,  50,  60,  1  so  cyclot,  singl*  or 
Hiroo-phos*  ojtci  400,  500  and  800 
cycl*«,  tingl*  phot*.  D.  C.  typo* 
from  6  te  4000  velH.  AUe  avoil- 
abl*  in  dual  voltag*  and  tpocial 
froqwoncy  typo*. 


vision,  photoelectric,  f-m,  a-m  or  any 
high-sensitivity  circuits  without  dis¬ 
turbing  the  operation  of  the  circuits 
under  analysis.  A  single  master 
range  selector  provides  rapid,  posi¬ 
tive  shift  from  one  range  to  another. 

The  functions  are  as  follows :  eight 
zero-center  vtvm  ranges  from  =t3  v 
d-c  to  ±6,000  V  d-c  full  scale;  six  re¬ 
sistance  ranges  from  0-2,000  ohms  to 
0-2,000  megohms;  eight  a-c  and  eight 
d-c  ranges  from  600  /la  to  12  amp; 
eight  output  ranges  from  3  to  6,000  v 
and  eight  decibel  ranges  from  —26 
to  -f  70  db.  A  vacuum-tube  probe  for 
supersonic,  r-f  and  uhf  voltages  is 
available  as  an  optional  accessory, 
known  as  Series  RF-10  probe  and  in¬ 
corporating  a  peak-rectifier  circuit 
around  a  9002  miniature  tube. 

The  instrument  is  furnished  in  a 
hardwood  case  with  removable  cover 
and  tool  compartment,  complete  with 
tubes,  ohmmeter  battery  and  testing 
probes.  Overall  dimensions  are  about 
12x13x6  in. 
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Midget  Quartz  Crystal 

The  James  Knights  Company  of 
Sandwich,  Illinois  announces  the  de¬ 
velopment  of  a  new  midget-size  type 
HIS  shock-proof  quartz  crystal  with 
tinned  pig-tail  connections  which 
may  be  readily  soldered  into  the  cir¬ 
cuit.  The  new  crystal,  complete  with 
phenolic  holder,  weighs  less  than  I 
oz.  Actual  size  of  the  unit  is  0.600  by 
0.725  by  0.350  in.  It  is  dustproof 
and  moisture  resistant.  Available 
frequency  range  is  from  3,000  to  15,- 
000  kc.  Frequency  tolerance  is  0.01 
percent  over  a  temperature  range  of 
OC  to  70C.  The  crystal  is  processed 
to  eliminate  aging. 


D.  W.  ONAN  &  SONS 

3273  Royalston  Av*.  Minneapolis  5,  Minn. 


0  ELECTRIC 

PLANTS 

iinii 


TA£Ji^A 


PAI^-METAL  .  .  .  a  specialized  manufacturing 
jjlant  employing  modern  high-speed  methods. 
Nevertheless,  Par-Metal -products  have  a  defi¬ 
nite  quality  of  Craftsmanship — a  "handmade" 
quality  born  of  genuine  skill  and  long 
experience.  Write  for  Catalogue. 


^,V/( 


PAR-METAL 

3  2-6  2  — 49  th  STREET 


Sorvuia  the 
Elect  ronici^ 
Field 

Exclurively 


PRODUCTS  CORPORATION 

LONG  ISLAND  CITY.  N.  Y. 


Model  shown  is  from  W2C 
series:  2000  to  3500  watts, 
powered  by  Onen  two-cyl¬ 
inder,  water-cooled  engine^ 


R-f  Signal  Generator 

Barker  &  Williamson,  235  Fairfield 
Ave.,  Upper  Darby,  Pa.  are  bringing 
out  a  new  precision-built,  high-level 


NEW  YORK 

Atignta 
Kansas  City 
St.  Louis 


Since  1897 
CHICAGO 


Boston 
Milwaukee 
Son  Francisco 


Detroit 

Newark 

Seattle 


LOS  ANGELES 

Houston 

Pittsburgh 
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CHARLES  BRUNING  COMPANY,  INC. 

4712-14  Montrose  Avenue,  Chicago  41,  Illinois 
Gentlemen;  I  want  to  know  more  about  the  Bruning 
BW  System  — and  why  it  offers  me  more  for  the 
money.  Please  send  illustrated  literature. 


U  NEED  TO  KNOW 

r  CHANGING 

iim  PRINTS? 


Should  I  buy  just  a 
machine  ...  or  a  service? 


When  you  buy  a  BW  machine  for  making  Bruning 
Black  Line  Prints,  you  are  buying  much  more  than 
just  "equipment.”  Because  Bruning  sells  a  complete 
line  of  engineering  and  drafting  supplies,  Bruning 
salesmen  have  a  continuing  interest  in  you  as  a  cus¬ 
tomer.  Their  advice  on  making  and  using  BW  Prints 
is  therefore  constantly  available. 


What’s  the  ratio  between 
draftsmen  and  print  needs?  '' 

Do  you  know  the  exact  relationship  between  the  number 
of  draftsmen  you  employ  and  the  volume  of  black  line 
prints  you  need?  The  Bruning  BW  System  provides  care¬ 
ful  analysis  of  your  print  needs— based  on  17  years  of 
experience  by  Bruning  field  engineers.  You  are  sure  of 
a  careful  preliminary  survey. 


How  can  I  provide  for  peak  loads 
without  over-buying  on  equipment? 

The  Bruning  BW  System  provides  a  line  of  printing 
and  developing  equipment  so  complete  that  you  are 
sure  of  getting  the  right  machine  for  your  needs.  This 
Bruning  Model  41  BW  Printer-Developer,  for  example, 
is  especially  designed  to  provide  ample  volume  for 
medium  print  users— but  costs  much  less  than  a  high- 
volume  machine. 


YOU  Ge.  Th.se  Six  Moior^vontoges  With  the  BRUNING  BW  SYSTEM 

You  Oei  ine  „ri„, in,  ondd.v.l.p-ns"'" 


I.  A  v.r..HI.,  .impl.  mrthod  for  moUnj  bl.<k  I™, 
prints  directly  from  tracings. 

2  17  years*  experience  in  analyzing  printmaking  needs^ 

3  A  complete  line  of  materials,  including 
oreen-tinted  stock,  thin  and  heavyweight  stock,  black, 

?.d  o,  brow. «». 

ment  original  tracings  and  BW 

pencil  lines  on  tracings. 


A  .ompl.1.  liP.  a  printing  nnd  d.«.l.pin9  mnchin.. 

to  fit  every  requirement. 

^'IlfpIVn.:';.;  .;.  bW  n.n.bin.  U.  tb.,.....,  no.  • 
"one  time  sale.” 

.Continuing  reseorch  and  development  in  the  cus¬ 
tomer's  interest. 


Mraisn^ 


RADIO  CO^POWEMTS 


4f  S  AC 

AC  LINE  CORDS 


211  AND  214  SERIES  CATHODE 
RAY  TUBE  COMECTOR 
WITH  LEJbS 

Any  requirements  in  a  cathode  ray 
tube  connector  with  proper  leads 
attached  engineered  as  an  assembly, 
high  safety  factors  in  all  kinds  of 
service.  Superdong  leakage  paths, 
rounded,  “coronaless''  clips  and 
imfividual  pocket  type  insulation 
and  strain  relief. 

•01-5  SHIELDED  PLUGS  AND 
411-S  METAL  SOCKETS 

Shielded  plug  and  socket  for  auto¬ 
mobile  sets  or  for  any  other  ^uip- 
ment  where  leads  must  be  shield^ 
and  shield  grounded  to  chassis.  Shield 
is  easy  to  put  on  and  solder  to  {dug. 
Supplied  with  or  without  shielded 
caUe. 

MINIATURE  CABLE 
CONNECTORS  500  SERIES 

Famous  for  connecting  AC  motors 
in  combination  sets  and  all  kinds  of 
“through-panel”  work.  Overall  diam¬ 
eter  oriy  8?'^®  labor  costs  by 
having  our  special  wire  equipment 
put  on  leads  to  your  particular  needs. 


121-5  MINIATURE  PLUGS 
AND  441-5  SOCKETS 

Comp^  plug  and  metal  seal 
socket.  Use  wnen  you  want  connector 
to  come  directly  out  of  chassis.  I.ieads 
to  your  specifications.  “Pocket”  type 


AC  OUTLET  and  clip. 

AC  OUTLET  402AC 

,  Smallest  possible  outlet  that  can 

be  eyeletted  or  riveted  to  chassis  like 
other  components.  Tabs  designed  for 
Ri|i  easy  soldering. 

ace  Ar  CORDS  202  SERIES 

•  -  I-  Detachable  AC  line  and  with 

AC  LINE  CORDS  socket,  neat  and  compact.  Socket  eye- 
^  lets  OT  riv^  in  place  like  other  com- 

ponents.  Underwriters  approved. 

FUSEHOLDOt  440FH 

Ilcfc  >a  a  fuseholder  that  rivets  or 
^  JC  eyelets  in  place  like  the  other  compo- 

11^-  Bents  in  your  set.  Cannot  twist  or 

*o*  <  j  spring  to  eject  fuse  if  it 

sax  breaks,  and  make  contact  at  base  of 

FUSEHOLDER  ^a®  and  prevent  rattle.  Tcm  contact 
slotted  for  easy  removtJ  of  fuse  fer- 
rule  when  glass  breaks.  Tabs  are 
^  spMial  design  for  ease  in  attaching 

piimary  leads  of  ample  sise. 

BO  SERIES  TUBE  CAP 
CONNECTORS  WITH  LEADS 
,440  FH  Any  requiiemenjk  in  tube  cap  con- 

— - -  nectors  supplied  with  leads  of  imper 

TUBE  Cap  voltage  tmndling  characteristics. 

CONNECTORS  Many  made  spwial,  hundreds  of 

moldings,  stampings  and  wire  to 
draw  on. 

206-B  TUMNG  EYES  WITH 
—853^1  ICT*^**"  LEADS 

Supplied  with  tailor-made  leads. 
00  S«ri«*  With  or  without  escutcheon  and 
Tiiviiui-  bracket.  Individual  insulation  and 

TUNING  EYES  relief  for  each  lead. 

200  SERIES  DETACHABLE 
TERMINAL  CONNECTORS 

Replaces  terminal  strips.  Supplied 
with  leads.  Each  lead  hM  individual 
insulation  and  strain  relief. 

.S06.«  S«ri««  WIRE  AND  CABLE 

.  Any  kind  of  wire  or  cable  laced, 
TFR^HiAi  braided,  woven  or  assembled  with 

components  or  them  of 
CONNECTORS  other  make.  Many  types  of  wire  in 

CIT^  stock  and  in  process. 

NEW  ITEMS 

Alden  is  a  specialist  in  briiu^ 
200  SVriw*'  through  special  electrical  assembues; 

' — » - J  new  samiies  made  promptly. 

ELECTRICAL  RECORDING  mSTRUMENTS 

Special  instruments  to  record  dectricsJ  impulses  as  Bwy 
•ccw  with  all  the  minute  variations  of  intensity  and  dura¬ 
tion,  free  from  the  lag  and  inertia  of  present  systems.  “Electro- 
paphic”  recorders  we  can  supply,  include  a  CMpletl  line  of 
facsimile  recorders,  specially  enmneered  recorders  for  high 
speed  signal  analysis,  slow  speed  recorders  for  day  by  day 
events,  mulri-traoe  recorders  for  simultaneous  recording  of  any 
phenomena  that  can  be  reduced  to  electrical  impulses. 

ALDER  PBODICTS  COMPARY 

BROCKTON  64,  MASS. 


ROt  S«tU» 
FUSEHOLDER 


TUBE  CAP 
CONNECTORS 


S«rle» 
TUNING  EYES 


.S06-$  Scrist 

DETACHABLE-^ 

TERMH4AL 

CONNECTORS 


r-f  signal  generator  covering  the 
range  from  400  kc  to  60  me  in  six 
steps.  Modulation  of  30  percent  at 
1,000  cps  is  optional  by  means  of  a 
panel  switch.  Output  is  3  v  (rms) 
at  all  frequencies  and  is  read  di¬ 
rectly  from  a  panel  voltmeter.  Out¬ 
put  is  through  an  output  jack  and 
coaxial  cable  terminated  in  a  75-ohm 
resistive  load.  Calibration  is  accur¬ 
ate  to  better  than  0.5  percent  and  is 
read  from  a  large  individually  cali¬ 
brated  chart  mounted  on  the  lid  of 
each  cabinet.  The  six  ranges  are: 
400-1,000  kc,  1,000-2,500  kc,  2500 
kc-6  me,  6-13  me,  13-28  me,  28-60  me. 


Half -Watt  Resistor 

Shallcross  Mpg.  Co.,  Jackson  and 
Pusey  Avenues,  Collingdale,  Pa.  has 
added  a  new  unit,  type  1101,  rated  at 
0.5  watt  and  only  5  in.  long  x  \  in.  in 
diameter,  to  the  line  of  hermetically 
sealed  Shallcross  fixed  accurate  wire- 
wound  resistors.  The  new  resistor  is 
designed  for  style  RB12A  under 
JAN  Specification  R93.  Maximum 


X. 

\ 

"\ 

■  -r-*  . 

\ 

\  \ 

\ 

V 

resistance  value  when  wound  with 
nickel  chromium  wire  is  350,000 
ohms,  maximum  voltage  420  v. 

Resistance  element,  winding  form 
and  protective  ceramic  shell  form  a 
rigid,  integral  unit.  No  internal  leads 
or  floating  wires  are  used,  and  her¬ 
metic-sealing  is  obtained  without  use 
of  ferrule  caps  or  glass  drawing  by 
a  special  solder  process.  Other  units 
are  rated  at  0.75,  1.5  and  2.0  watts. 


Small  Motors 

Eastern  Air  Devices,  Inc.,  585  Dean 
St.,  Brooklyn  17,  N.  Y.,  has  in  pro¬ 
duction  a  new  line  of  fractional-hp 
motors  of  various  types  with  frame 
diameters  ranging  from  If  to  3i%  in. 
These  motors  can  be  used  in  original 


n-less 

to  l*ny 

a  Utllv  llore 
for 

SIUCOCKS-MIIIII} 
PlASTIC  DIAL5 


Quality,  not  quantity  is  the  tradi¬ 
tion  at  Sillcocks-Miller. 

Of  course,  we  cannot  make  all  the 
plastic  dials  industry  requires,  so  we 
concentrate  on  producing  only  the 
best. 

That’s  why  design  engineers  who 
need  plastic  dials  fabricated  to  close 
tolerances  have  come  to  depend 
on  Sillcocks  -  Miller  craftsmanship 
through  the  years. 

Our  understanding  of  the  prob¬ 
lems,  our  ability  to  produce  accurately 
and  our  thorough  knowledge  of  all 
types  of  plastics  enable  us  to  supply 
your  needs  quickly  and  with  a  mini¬ 
mum  of  effort  on  your  part. 

That’s  why  we  can  say  "It  costs 
you  less  to  pay  a  little  more  for  Sill¬ 
cocks-Miller  quality.” 

Wrif*  for  lllusfraf»d  brochuro  foday. 


I  inO  W«t  PRfkM  AvtMt,  Mfflavosd,  A.  L 

Mailiif  AMrtis:  imrtk  OriRl*,  N.  J. 

,i*sTies  _  Moui.i'**'*” 
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equipment  of  all  types,  including  re¬ 
corders,  business  machines,  auto¬ 
matic  devices,  record  players,  air  cir¬ 
culators,  driving  fans  and  blowers. 
End  covers  are  die  cast,  providing 
mechanical  rigidity.  Mounting  faces 
are  precision  machined  so  that  gear 
trains  may  be  run  directly  from  the 
motor  shaft  with  perfect  alignment. 


-1 1 


Wire-Wound  Resistors 

Instrument  Resistors  Co.,  25  Amity 
St.,  Little  Falls,  N.  J.,  offers  four 
new  types  of  resistors — ALA,  ACA, 
BLA,  and  BCA,  which  provide  close 
tolerance  at  low  cost.  Wound  with 
either  nichrome  or  manganin,  they 
are  rated  according  to  type  at  3,  6,  5, 
and  10  watts  respectively.  Maximum 


resistance  for  the  first  two  is  25,000 
ohms  for  a  body  size  li  in.  long  x  i 
in.  diam.  The  5-  and  10-w  types  have 
a  maximum  resistance  of  50,000 
ohms  with  a  length  of  11  in.  Stand¬ 
ard  tolerances  are  3  percent  although 
they  can  be  supplied  for  1  percent 
and  also  non-inductive  windings. 


Heavy  Duty  Push  Switch 

Donald  P.  Mossman,  Inc.,  612  N. 
Michigan  Ave.,  Chicago,  Ill.,  an¬ 
nounces  a  new  standard-duty  5-amp 
and  extra-heavy-duty  10-amp  push 
switch,  designed  for  circuits  carry¬ 
ing  heavier  currents  than  are  usually 
found  in  communication  and  signal 
systems.  Designated  as  Series  5300 
and  5300X,  respectively,  the  new  de¬ 
velopment  can  handle  heavier  cur¬ 
rents,  and  require  less  panel  space 


CHICAGO  TRANSFORMER 

DIVISION  OF  ESSEX  WIRE  CORPORATION 

3501  WEST  ADDISON  STREET 
CHICAGO.  18 


•MARH  BCG 


PRECISION 

CRYSTALS 


TYPE  2-1 

THE  NEW  STANDARD  CRYSTAL  UNIT 
FOR  ALL  HIGH  FREQUENCY  SERVICE 

FREQUENCY  1.5  TO  10.5  MC. 

TEMPERATURE  COEFFICIENT  LESS  THAN  2  CYCLES 
PER  MC.  PER  DEGREE  CENTIGRADE 

CALIBRATION  ACCURATE  TO  WITHIN  .005% 

OF  SPECIFIED  FREQUENCY 

MADE  BY 

PETERSEN  RADIO  COMPANY 

COUNCIL  BLUFFS,  IOWA 


•  Much  the  success 
this  Hudson  Wire  product  is  due 
to  a  new  coating  method  that  gives  a 
smooth,  permanently-adherent  enameling.  Mercury-process  tests 
guarantee  perfect  uniformity;  great  tensile  strength  assures  per¬ 
fect  laying  even  at  high  winding  speeds.  Especially  adaptable  for 
reduction  in  coil  dimensions  without  sacrificing  electrical  values. 

Our  eng/neer/ng  end  design  facllltin  ore  et  your 
d/sposo/— deto/Zs  ond  quotatlom  on  roquosf. 


HBDSOI  WIIE  eOMPklT 


142  important  design 
articles  on  electronic 

equipment  and  parts 


Short-cuts 
to  better 


DESIGN 


USE 


Charts,  graphs, 
reference  sheets, 
equations,  tables 


This  handy  reference  book  brings  to  de¬ 
signers,  builders  and  users  of  electronic 
equipment  and  parts  a  host  of  valuable 
aids — material  which  has  been  condensed 
into  graphs,  charts,  and  concise  articles,  to 
supply  you  with  a  short  cut  to  more  and 
better  reference  data  in  your  field.  It  con¬ 
tains  a  multitude  of  engineering  aids  re¬ 
lated  to  the  design  of  circuits,  equipment 
and  individual  parts  for  radio,  electronic, 
television,  facsimile,  radar,  sound,  and  re¬ 
lated  vacuum-tube  apparatus  —  including 
topics  brought  into  prominence  by  accelera¬ 
tion  of  wartime  electronic  research. 


Jasf  pnbllskndl 

ELECTRONICS 

for 

ENGINEERS 

Edited  b.v  JOHN  MARKUS  and  YIN  ZEI.UFF 
Associate  Editors.  Electronics 

390  pages,  8 Vs  x  11,  figures,  $6.00 

This  rich  source  of  data  contains  over  a  hun¬ 
dred  different  articles,  each  one  a  *‘flnd”  for  the 
electronics  man  who  needs  concise,  easily  avail¬ 
able  information  to  aid  him  In  his  work.  It 
represents  design  articles,  charts,  and  graphs 
selected  from  the  complete  flies  of  Electronics 
magazine  for  their  value  to  you,  carefully 
condensed,  edited,  and  indexed,  and  arranged 
In  easily  accessible  form. 

H*r«  I*  some  of  the  specific  reference 
material  yoe'll  have  oe  hand: 

Design  Charts  for  Dissymmetrical  T  Pads 
Design  Procedure  for  Ground  Plane  Antennas 
Harmonic  Analysis  of  Overbiased  Ampiiflers 
Computing  Reactive  Attenuation 
Capacitor  Charge-discharge  Nomograph 
Photographing  Patterns  on  Cathode-ray  Tubes 
Impedance  Determinations  of  Eccentric  Lines 
Electronic  Heating  Design  Chart 
Grid  Control  of  Industrial  Gas-Filled  Tubes 
Design  of  Audio  Reactors  for  D-C  Service 
Chart  for  Determining  Square  Root  of  a  Com¬ 
plex  Number 

SEE  IT  10  DAYS  ON  APPROVAL 


S  MeGrsw-Hill  Book  Co..  330  W.  42  St..  NYC  18  ■ 

■  Send  me  Markus  and  Zeluff’s  Electronics  for  Engi-  ■ 

■  neers  for  10  da.vs  examination  on  approTal.  In  10  • 

■  days  I  will  send  $6.00.  plus  few  cents  postage,  or  S 

S  return  book  postpaid.  (Postage  paid  on  cash  orders. )  • 

S  Name  .  ! 

S  Address  .  S 

;  City  and  State  .  ; 

■  Company  .  ■ 

j  Poaltton . h  2  tfi  : 

■  (In  Canada:  Mail  to  Embassy  Book  Go..  | 

■  IS  Richmond  St.  E..  Toronto  1.  • 
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Concord  Rnoio 


LAFAYETTE  RADIO  CORPORATION 
CHICAGO  7,  ILL.  ^  ^  ATLANTA  3,  GA^ 

901  W.  Jackson  Blvd.  265  Peachtree  Street 


than  the  Series  4300  and  4400  push 
and  jack  switches. 

The  standard  duty  switch  is  avail¬ 
able  for  5  amp,  115  v,  a-c  (non-in¬ 
ductive),  and  the  extra  heavy  duty 
for  10  amp.  The  switch  illustrated  is 
built  with  both  make-break,  and 
break,  locking.  It  is  also  available 
in  a  non-locking  position.  Both  are 
heavily  nickel  plated,  have  phosphor 
bronze  springs  with  fine  silver  con¬ 
tacts,  plungers  of  hard  rubber,  and 
red  or  black  plastic  knobs.  Overall 
dimensions  of  the  switch  illustrated 
are  3  x  1  x4i  in. 

Units  are  also  available  as  a  heavy 
duty  plug  jack,  used  in  conjunction 
with  a  standard  PL-55  phone  plug. 
The  Series  5300X  requires  a  special 
plug  to  handle  10  amp. 


Mail  Coupon  NOW  for 


Victoiy  Clearance 
Flyer . . .  FREE! 


#  Ready  now!  32  Bargain* 
packed  pages  listing  thousands 
of  standard-make,  top-quality 
radio  parts  and  electronic  sup¬ 
plies — now  available  without 
priority  at  low  VICTORY 
CLEARANCE  prices.  The  val¬ 
ues  listed  at  the  left  are  typical 
of  the  important  savings  offered 
in  Meters,  Condensers,  Trans¬ 
formers,  Resistors,  Controls, 
Switches,  Relays,  Test  Equip¬ 
ment,  Generators,  Micro¬ 
phones,  Tools,  and  hundreds 
of  Repair,  Replacement,  and 
Accessory  P^rts.  On  special  re¬ 
quirements,  Concord  experts 
are  ready  to  help  you  in  expe¬ 
diting  and  speeding  action  on 
essential  needs. 


Power  Resistor 

P.  R.  Mallory  &  Co.,  Inc.,  3029  East 
Washington  St.,  Indianapolis,  Ind. 
announces  development  of  the  RN 
resistor,  a  new  vitreous  enamel  tab- 
type  unit  which  meets  joint  Army 
and  Navy  Grade  1  Class  1  specifica¬ 
tions  (JAN  R26).  It  can  withstand 


mfmim 


Check  These  Typical 

ONCORD  VALUES 

th^  ..c. 

Prt.  Ind.  at  5  V.  lOM  cy.; 
.20  H.  Ratio  sec.  to  pri. 
3.02:1.  size:  3>iz2  41/M' 
SB5045.  *1  ne 

Your  cost . #1.85 


0.  C.  MHannMters 

2  H"flan0e  mta.  type. 
Metal  case  dull  black 
finish.  G.  E.  0-201 
M.  A.  Ct0050. 
Specially  „ 

Priced . 


Order  Today  for  Shipment 
Tomorrow  from 


thermal  shock  from  275  C  to  0  C,  op¬ 
erate  safely  at  275  C  and  is  capable 
of  withstanding  momentary  voltage 
overloads  up  to  ten  times  its  rated 
wattage.  Its  characteristics  are  de¬ 
rived  chiefly  through  the  use  of  im¬ 
proved  materials  and  new  manufac¬ 
turing  techniques. 


Dry  Electrolytic 
Condsnser 

Hermetically 
sealed.  Size, 

IX"  X  3".  Can 
neftatlre.  Cap.: 

40  mfd.  at  475 
▼olts;lSmfd.at 
350  Tolts;  15 
mfd.  at  150  1 

Tolts;20mfd.  at 
25  Tolts.  W 

5B3141  -f,  ^ 

Each . 59C 


Huge  stodct  in  TWO  convenieni  warehouses 
—one  in  CHICAGO  and  one  in  ATLANTA— 
are  ready  to  supply  you  quickly  with  needed 
parts  of  dependable,  notieiMlIy-known  quel* 
ity— and  at  VICTORY  CLEARANa  prices  that 
mean  reel  savings.  Moil  the  coupon  below 
NOW  for  your  FREE  copy  of  CONCORD’S 
ViaORY  CLEARANCE  Flyer. 


PrI.  tapped  at  115. 
117  and  120  V.A.C. 
Sec.  output  850  V.  at 
200  ma.  c.  t.  4^"  L 
z  3H"  W  X  3X  W  H. 
5B5035.  A*  AA 

Your  cost . 


Non-Linear  Potentiometer 

Fairchild  Camera  and  Instrument 
Corp.,  88-06  Van  Wyck  Boulevard, 
Jamaica  1,  N.  Y.,  have  one  type  of 
non-linear  potentiometer  in  produc- 
i  and  can  design  others  to  meet 
specifications.  Used  during  the  war 
in  military  equipment  such  as  radar 
navigational  and  tracking  equip¬ 
ment,  computing  gunsights  and 
bombsights,  these  potentiometers 


CONCORD  RADIO 
CORPORATION 
901  W*  Jackson  Blvd. 
Dept.  G-26 
Chicago  7,  III. 


’’4dV 

of  CON- 
ICTORY 


MoUaHighVoltage 
Power  Unit 

Input  12  V.  at  10 
amps.  Output  con> 
slsts  of  two  ToltaSe 
ranges:  (1)  275  st  110 
ma.  (2)  500  at  50  ma. 
5B0518  000  Cn 

Your  cost....^-^ 


Please  RUSH  FREE  coi 
CORD’S  new  32*page 
CLEARANCE  Flyer. 


300  Watt  Rheostat 

Wire  wound.  Vitreous 
enameled.  Cast  alumi¬ 
num  base.  0"  dia.  2X  2 
deep.  1400  ohms. 

5B9517 

Your  coat . 0a.5fD 


Name 
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TTTTm’i 

In  I  d  ii  I 

n  k  1  1 

NEW  ElVGlIVEERIlVG 
NEW  DESIGN  •  NEW  RANGES 


50  RANGES 

Voltage:  5  D.C.  0-10-50-250-500-1000 
at  25000  ohms  per  volt. 

5  A.C.  0-10-50-250-500-1000 


MODEL  2405 

Volt  *  Ohm 

Milliammeter 


28,000  0NM8  PER  VOLT  0.  C. 


8PECIPICATION8 


NEW  “SQUARE  LINE'*  metal 
case,  attractive  tan  “hammered" 
baked-on  enamel,  brown  trim. 

■  PLUG-IN  RECTIFIER  — 
replacement  In  case  of 
overloadlnS  is  as  simple  as 
chanaink  radio  tube. 

■  READABILITY — the  most 
readable  of  all  Volt-Ohm- 
Milliammeter  scales — 5.S  inches 
long  at  top  arc. 


at  1000  ohms  per  volt. 
Current:  4  A.C.  0-.5-1-5-10  amp. 

6  D.C.  0-50  microamperes— 
0-1-10-50-250  milliamperes— 
0-10  amperes. 

4  Resistance  0-4000-40,000  ohms — 4- 
40  megohms 

6  Decibel  -10  to  +15,  +29,  +43, 
+49,  +55 

Output  Condenser  in  series  with 

A.C.  volt  ranges 


Model  2400  is  similar  Ind  has  D.  C.  volts 
Ranges  at  5000  ohms  per  volt. 

Write  for  complete  description 

IMpleti 

ELECTRICAL  INSTRUMENT  CO. 


of  most  care¬ 
fully  built  elec, 
tricol  equip¬ 
ment  needs 
support  of 
Washers  made 
for  the  lob. 


Positive  locking  action  .  .  .  compensation 
lor  expansion  and  contraction  .  .  .  full 
gripping  area  .  .  .  these  and  other  iactors 
ore  engineered  in  Quadriga  for  electrical 
monufactiue. 


QUADRIGA 

Quality 


WASHERS 

Exaetly  to  your  specificotions. 
Any  washer  material.  Hot, 
Sp^al  Dimensions,  Irregular 
Contour,  Finishing,  Tension, 
Cupped  and  Drown,  Friction, 
etc.  Also  wire  terminals. 

SMALL  METAL  STAMPINGS 
Any  Design 

Put  your  problems  in  Wash¬ 
ers  cmd  Stampings  up  to 
Quodriga.  Immediate  atten¬ 
tion,  prompt  dqlivery  oi  any 
quantity,  small  or  large. 

QUADRIGA  BOOKLET  FREE 
Shows  many  types  from 
photographs,  with  valuable 
information.  Should  be  in  your 
file.  Write 


The  Quadriga  Manufacturing  Co 

221  A  West  Grand  Ave.,  Chicago  10,  Illinois 


Since  1936,  we  of  the  Pyroferric  Company 
hove  devoted  ourselves  exclusively  to  the  art 
of  manufacturing  powdered  metal  cores  .  .  . 
at  no  time  have  we  been  affiliated  with  other 
enterprises  such  as  radio  set  manufacturing, 
coil  winding,  etc. 

Today  our  policy  is  the  same  as  always;  to 
manufacture  the  best  of  our  unique  type  of 
product  and  to  serve  all  of  the  radio  business 
without  preference  or  partiality. 

PYROFERRIC  means  specification  powdered 
metal  cores. 


Pyroferric  Co. 

*  175  VARICK  ST.  I  NEW  YORK  14,  N.  Y. 


•  TO  THi  MANUFACTURER  OP 

MiduatMae  dadioi 


TAR 


DOUBLE-CHECK  SYSTEM 


^JE-IO — Miniature  socket 
wiring  plug  for  accurate 
alignment  of  miniature 
socket  contacts  during 
wiring.  Precision  cast  of 
line  base  alloy  —  Pins  of 
stainless  steal. 


#JE-  12  —  (Hardened 
tool  steal  insert)  or 
JE-13  (Stainless  steel 
insert)  Miniature  tube 
p  i  n  straightener  to 
obtain  a  perfect  fit 
when  the  tube  is 
placed  in  the  set. 


For  compMu  luformatloa 
and  prfeas— wrff* 

RADIO  ACCESSORY  DIVISION 

STAR  EXPANSION  PRODUCTS  CO. 


147  Cedar  St.,  New  York  6,  N.  Y. 
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$  MACAttEN  STREET 


never  leek  a  gift  herse 

in  the  meuth 


V/htn  you  think  of  MICA  think  of  MACALLEN 


lengths  to  6  in.  are  supplied.  Ter¬ 
minals  are  brought  out  through 
sealed  headers  in  the  base.  The 
headers  can  be  supplied  for  plug-in 
use. 

Round  cans  have  a  maximum  of 
eight  contacts;  square  cans  a  maxi¬ 
mum  of  fourteen.  These  new  enclo¬ 
sures  offer  complete  protection  from 
dirt,  moisture  and  mechanical  dam¬ 
age. 


Courtesy  may  deny  too  close  scrutiny  of 
a  gift  but  certainty  demands  detailed  inspec¬ 
tion  of  a  purchase ...  as  in  the  instance  of 
mica.  Be  sure  it  is  Macallen  Alica... standard 
for  more  than  50  years! 


Radio  City  Products  Co.,  127  West 
26th  St.,  New  York,  offers  the  Model 
448  meter  consisting  of  a  3-in.  square 
meter  with  a  movement  of  200  fia,  and 
a  sensitivity  of  6000  ohms  per  volt. 
Ranges  of  multitester  are :  d-c  0-5-50- 
250-1,000  v;  a-c  0-5-50-250-1,000  v; 
output  voltmeter,  0-5-50-250-1,000  v; 
d-c  0.5-10-100-1,000  ma;  ohmmeter 
0-1,000,  0-10,000,  0-0.1  meg  0-1  meg; 


Portable  Multimeter 


methods  of  non-linear  compensation. 

Maximum  resistance  is  limited  to 
100,000  ohms  (linear  winding)  and 
a  maximum  rate  of  resistance  change 
of  330  ohms  per  degree  rotation. 
Error  is  limited  to  a  total  of  1  per¬ 
cent  or  less,  power  to  2.5  w.  Each 
unit  is  26/32  in.  thick  and  has  a  di¬ 
ameter  of  li  in.  shaft  diameter  is 
optional.  Mechanical  rotation  can  be 
limited  or  continuous,  although  the 
electrical  angle  covers  310  deg. 


Component  Enclosures 

Electrical  Industries,  Inc.,  42 
Summer  Ave.,  Newark  4,  New  Jer¬ 
sey,  offers  a  new  line  of  enclosures 
for  electrical  components,  such  as  re¬ 
lays,  coils,  and  transformers.  Round 
or  square  cans  are  available  with  or 
without  equipment-mounting  bridges 
attached  to  the  can  interior.  Can 
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Make  Soldering  a  PRECISION  Job 


VULCAN 

ELECTRIC  A 
SOLDERING  W 


TOOLS 


SCREW-TIP— 10  SIZES 
PLUG  TIP— 5  SIZES 


Sekct  th« 
correct  size 
VULCAN  for  the  job. 
The  delivered  heat  will 
be  maintained  through 
the  life  of  the  iron. 


VULCAN  ELECTRIC  COMPANY 

DAMVenS,  10,  MASS. 

Makers  of  a  wide  variofy  of  Hooting  Elomonts  for  assembly  Into  maee- 
foetarer's  ewe  prodects  and  of  Heating  Specialties  that  nse  electricity. 


0^  RARE  GASES 
AND  MIXTURES 

OF  TESTED  PURITY 


STANDARD  OF  THE  INDUSTRY 

#  Airco  Rare  Gases  of  highest 
purity,  and  Airco  Rare  Gas 
Mixtures,  blended  accurately, 
meet  the  most  exacting  require¬ 
ments  of  laboratory  and  pro¬ 
duction  applications.  Their  uni¬ 
formity  and  purity  are  definite 
factors  contributing  to  increas¬ 
ed  tube  operating  efficiency . . . 
and  longer  life.  Airco  Rare 
Gases  are  supplied  in  lead  glass 
or  PYREX  containers  from  which 
they  are  easily  removed  with  no 
change  in  quality.  Your  nearby 
Airco  OfRce  can  supply  your 
needs  quickly. 

AIR  REDUCTION 

60  EAST  42iid  STREET  •  NEW  YORK  17.  N.  Y. 

In  TaxM:  Mainolia  Airco  Ga*  Product*  Company 
Houston  I,  Texas 

OiUces  in  Principal  Ciths 
Ropresontod  Intarnationally  by  Airou  Export  Corp. 


ARGON  •NEON  •HELIUM  •KRYPTON  •XENON  I 
STANDARD  AND  SPECIAL  MIXTURES 


Power 

Transformers 

(Up  to  1  kw.) 

Audio 

Transformers 

High-Voltage 

Transformers 

Filter  Choices 

Coils 


DINION  COIL  COMPANY,  Inc. 


CALEDONIA,  N.  Y. 


Specialists  in  DUiicu 


STEATITE 

CERAMIC 


Properties  and  Charaeferisfict  of  Our 
.  LAVITE  SI -5  SfeatHe  Ceramic  Body 

Compret.iv*  Strength  . 9e.0«0  lh«.  per  »ou«re  inch 

Tontll*  Strength  . .  7,200  Ibo.  por  Muare  inch 

Flexural  Strength . 10,800  lbs.  per  square  inch 

MoUulua  of  Ruptur* . 20,000  lbs.  t>»r  square  inch 

Dielectric  Strength  . 23B  volts  per  mil 

:S;S?  7*s“e;"al5=re’ 

Power  Factor  . 4.40  )  *  megacycle 

Bulk  Specific  Oravity . 2.664ee 

Density  (from  above  gravity) ...  0. 098  lbs.  per  cubic  inch 

Hardness  (IRohr  scaled . _  TO 

Softenlno  T-moerature  . 2.350°r. 

linear  CoefSeient  of  Sxpanaion . 

Moisture  Absorption  (ASTM  0-llS-42-A> . 0.0O9<Mi 

Design  engineers  and  manufaaurers  in  the  radio, 
electrical  and  electronic  fields  are  finding  in 
LAVITE  the  precise  qualities  called  for  in  their 
specifications  .  .  .  high  compressive  and  dielearic 
strength,  low  moisture  absorption  and  resistance 
to  rot,  fumes,  acids,  and  high  beat.  The  exceed¬ 
ing  low  loss-faaor  of  LAVITE  plus  its  excellent 
workability  makes  it  ideal  for  all  high  frequeno 
applications. 

We  will  gladly  supply  samples  for  testing. 


D.  M.  STEWARD  MEG.  COMPANY 

Aloin  Office  &  Works  Chattanooga.  Tenn 
Needham,  Mass.  Chicago  Los  Angeles 


1 


M>raarf  t94^  — ELECTRONICS 


jeci'- 1  meter,  —6  to  +10,  —14  to 
-28  to  +40,  —40  to  +62  db. 
Tjie  db  range  is  calibrated  for  a 
500nhm  line.  For  lines  of  other 
imprdance,  correction  charts  are  sup¬ 
plied.  The  Model  448  is  5i  x  3tV  x  24 
in.  It  weighs  only  li  lb,  complete 
with  self-contained  batteries  in  snap 
soring  contact  holders. 


Pla-^lic  Caps  and  Sleeves 

THE  Plastics  Division,  General 
Electric  Co.,  Pittsfield,  Mass.,  has 
developed  a  new  type  of  compound 
used  in  making  air-  and  water-tight 
seals.  This  new  material  has  been 
used  to  seal  the  ends  of  metal  tubing 
to  keep  the  interior  free  of  dust  and 
moisture  in  shipping  and  storage. 
New  uses  are  being  discovered,  the 
most  recent  one  being  lead  markers 
on  wires  and  cables.  These  caps  and 


^  QUICK 
DISCONNECT 


Among  other  improvements  in  the 
design  of  new  Astatic  Phonograph 
Pickups  is  a  QUICK-DISCONNECT 
feature  for  instant  removal  or  inser¬ 
tion  of  Crystal  Pickup  Cartridges.  Wire 
leads  on  the  pickup  tone  arm  ore  now 
equipped  with  special  terminal  con¬ 
nections  which  may  be  slipped  on  or 
off  the  cartridge  pins  without  tools, 
soldering  or  unsoldering.  Originally, 
these  wire  terminals  were  permanently 
attached  to  the  cartridge.  This  new 
QUICK-DISCONNECT  feature,  used 
with  both  permanent  and  removable 
needle  type  cartridges  in  newly  de¬ 
signed  Astatic  Pickups,  eliminates 
messy  soldering  and  saves  valuable 
time  in  service  work.  Small  details, 
such  os  this,  coupled  with  the  high 
operating  efficiency  of  Astatic  Pickups, 
contribute  to  their  ever-increasing  pop¬ 
ularity  and  usage. 


sleeves  are  available  in  red,  blue, 
green,  orange,  yellow,  white,  and 
transparent.  Their .  good  electrical 
properties  make  them  useful  also  as 
insulation  covering  for  bus  bars 
selsyn  motors,  and  wire  cleats.  They 
can  be  produced  to  specified  diam¬ 
eters  and  thickness  and  shipped  dry. 

Previous  to  use  these  caps  and 
sleeves  must  be  soaked  in  a  solution, 
and  can  then  be  expanded  as  much  as 
50  percent  of  their  normal  size.  They 
are  placed  in  position  while  dilated 
and  allowed  to  dry.  When  thoroughly 
dry,  they  shrink  to  smaller  than  their 
normal  size  to  form  a  tight  fit.  They 
can  be  crimped  any  length  with  a 
trade  mark  added  if  desirable. 


Attatie  CnfsM  Devieei  manufactured 
under  Brutk  Development  Co.  patente. 


1  ^i^hthouse  Tube 

E]tel-McCuli,OUGH,  Inc.,  San  Bruno, 
California,  announces  the  3X100 All/ 
2C39  transmitting  tube.  The  tube  is 
a  miniature  external-anode  triode, 
of  the  lighthouse  variety,  and  offers 


B  Corporation 

CONNEAUT,  OHIO 

IN  CANADA  CANADIAN  AiTAJlC  LTD.  TODONJO.  ONTAINO 
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stamping 

DRA  WING  and 
BRAZING 

, 


Yov/  foo/  can  tov*  by 
GOAT  PRECISE^ORMED 
METAL  STAMPINGS 

Induction  brazing  and.  machining 
operations  can  save  you  money  by 
replacing  many  types  of  machine 
parts,  castings  and  assemblies.  New 
techniques  in  deep  drawing  elimi* 
nate  the  necessity  of  in-between 
annealing.  As  a  result,  we  can  pro¬ 
duce  stampings,  as  well  as  assem¬ 
blies  of  stampings,  that  would  have 
been  regarded  as  impossible  prior 
to  the  war. 


Compare  the  costsi  For¬ 
merly  the  part  shown  be¬ 
low  was  machined  from 
tubing,  an  expensive  op¬ 
eration  involving  the  time¬ 
taking  removal  and  waste 
of  a  large  amount  of  stock. 


This  dfcp-drawn  shell,  1 13/16'’d 
X  4  3/8”  is  drawn  without  ex¬ 
pensive  annealing,  by  the  Goat 
Precise- Formed  Process. 


nped  thread  ringshown  above 
aduaion  brazed  to  the  shell. 


A  thread  is  cut  on  the  ring, 
completing  the  produa. 


metal  stampings,  INC. 

Affiliate  of  The  Fred  Goat  Co.,  Inc7 


exceptional  performance  in  appHca. 
tions  requiring  up  to  26  watts  of 
power  at  frequencies  to  abG\e  5oo 
me.  Its  rugged  construction,  un¬ 
usually  high  transconductance  and 
100  watts  plate  dissipation  make  it 
useful  over  a  very  wide  range  of  fre- 
quencies,  either  in  fixed  or  mobile 
equipment.  It  has  an  indirectly 
heated  cathode  with  a  6.3-v  heater 
The  overall  height  is  2f  in.  and  the 
diameter  is  li  in. 


PA  Amplifier 

Clark  Radio  Equipment  Corp.,  4313 
Lincoln  Ave.,  Chicago  18,  Ill.,  pre¬ 
sents  the  first  in  a  series  of  public 
address  amplifiers  having  adequate 
frequency  response  for  broadcast 
speech  input  systems.  Its  salient 
characteristics  are  summarized: 
power  output,  30  w  at  less  than  4  per¬ 
cent  harmonic  distortion,  three  high- 
impedance  inputs,  four  low-imped¬ 
ance  output  values,  two  equalizers, 
hum  level  55  db  below  maximum  out¬ 
put  and  frequency  response  within 
±2  db  from  50  to  10,000  cps.  Power: 
150  w  at  117  V,  60  cps;  10  in.  high  .x 
20  in.  wide  (including  handles)  x  Hi 
in.  deep ;  38  lb  net. 


Dynamic  Tube  Tester 

Simpson  Electric  Co.,  5218  W.  Kin- 
zie  St.,  Chicago  44,  Ill.,  promises 
early  delivery  on  a  new  mutual  con¬ 
ductance  tube  tester.  A  tube  under 
test  by  the  instrument  is  compared 
with  the  standard  rated  micromho 
value  for  that  tube.  Colored  zones  on 
the  dial  coincide  with  the  micromho 
rating  or  percent  of  mutual  con¬ 
ductance,  indicating  that  the  tube  is 


NEW 

CATALOG  Just  Published 

ROBINSON  VIBRASHOCK*  UNIT  MOUNTS 
NO  OTHER  UNIT  TYPE  SHOCK  MOUNT 
HAS  THESE  OUTSTANDING  FEATURES 
1.  Staiatess  still  sprnfs  with  thru -way. 
iRntni  absorption. . .  2.  Bilt-hi  dawpiai  Boclh 
aiisR ...  3.  Blit-in  thm-way  shock  assiahiy 

Vibrashock  isamazinglyeffectiveand  surprisingly 
inexpensive.  Send  for  new  catalog  shown  here. 

ROBINSON  AyiATION,  INC. 

Teterboro  Air  Terminal,  Dept.  E2 
•trmd.  nuk  Tfterboro,  New  Jersey 
37)7  WILSHIRB  BLVD.,  LOI  ANGELES  3.  CAUFOKNIA 


an. 


PREFERRED  .  ^ 

BY  ENGINEERS 


BURGESS 

baHIri^ 

RECOGNIZED  BY  THEIR 
STRIPES  •REMEMBERED 
BY  THEIR  SERVKE 


Write  for  Booklet, 
Samples  and  Prices 


READY... ON  THE  DOWN  BEAT! 


(General  Industries  con¬ 
stant-speed  electric  phono¬ 
graph  motor — Model  CX. 


Grand  opera,  swing  or  sweet  music 
is  recorded  or  played  back  with 
equal  fidelity  on  General  Industries 
phonograph  mechanisms.  They're 
always  ready  for  the  down  beat 
with  instant  starting  and  fast  pickup. 

That's  because  they're  driven  by 
those  velvety.  Smooth  Power  motors, 
and  because  every  detail  of  manu¬ 
facture  is  carefully  watched. 

General  Industries  turntable 
motors,  recorder  assemblies  and 


combination  record- 
changer  recorders  will,  as 
always,  bring  outstand¬ 
ing  satisfaction  to  you  and 
your  customers. 

THE 


DEPT.  M 


E  N  E  R  A  L 

NDUSTRIES 

COMPANY 


ELYRIA;  O; 
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Model  406 

Incbrporates  features  and 
accuracy  of  expensive 
custom  •  built  laboratory 
et^uipment— yet  priced 
within  reach  of  all  want¬ 
ing  the  best.  Low  capac¬ 
ity,  high  impedance  in¬ 
put.  Balanced  circuit.  Wide  Audio.  H.F.  and 
V .H.F.  response.  New  small-diameter  diode 
probe  reaches  difficult  places  with  minimum 
lead  length.  Full  scale  sensitivity  of  1  volt. 
Determines  resistances  from  fraction  of  1 
ohm  to  1000  megohms.  Decibel  scale  for 
measuring  audio  gain.  Sturdy  oak  case. 
Handy  carrying  handle.  Write  for  deuils. 

60  Cycle  Decade 
Voltage  Supply 

A  sturdy  self-con¬ 
tained  laboratory 
instrument,  Weston 
metered,  for  cali¬ 
bration  and  test  of 
A.C.  meters  and 
vacuum  tube  volt¬ 
meters.  Highly  accurate  source  of  known 
voltage  in  1/10  volt  st^  from  0  to  HI.  or  in 
1  to  1110  volt  model.  Engraved  panel.  Quar¬ 
tered  oak  case.  Write  for  details. 


Electrical  Test  &  Service  Instruments 
High-speed  production  of  preci¬ 
sion  R.F.  Coilsr  Electro-Magnetic 
Windings  and  Sub-Assemblies 
for  discriminating  manufacturers. 


Gippard 

INSTtUMCNT 

^^^^LAIORATOtY^HI 


lection.  Very  complicated  tubes  re¬ 
quire  only  a  few  settings.  A  tube 
chart  is  provided  for  quickly  identi¬ 
fying  the  tube  and  setting  the  con¬ 
trols.  The  case  is  plywood  with  heavy 
fabricoid  covering. 


Plug-in  Meter  Assembly 

Andrew  Co.,  363  East  76th  St.,  Chi¬ 
cago  19,  Ill.,  facilitates  tuning  and 
maintaining  r-f  networks  by  use  of 
type  821-A  plug-in  assemblies  at  all 
points  where  radio-frequency  cur¬ 
rents  are  to  be  measured.  Meters  of 
various  ranges,  attached  to  type 
821-B  brackets,  can  then  be  plugged 
in  after  removal  of  a  shorting  bar. 
The  821-A  assembly  with  shorting 
bar  costs  $4.50 ;  the  821-B  meter 
bracket  is  $2.50. 


Chinphones 

Telex  Products  Co.,  Telex  Park, 
Minneapolis  1,  Minn.,  attempts  to 
minimize  headphone  fatigue  by  sus¬ 
pending  the  reproducing  unit  under 


the  chin  rather  than  against  the  ears. 
Called  a  Monoset  and  constructed  of 
tenite,  the  unit  weighs  only  1.2  oz. 
Its  impedance  is  128  ohms  and  it  has 
a  sensitivity  of  18  dynes  per  sq  cm. 
for  a  10  microwatt  input. 


Acorn  Socket 

The  National  Co.,  61  Sherman  St., 
Malden  48,  Mass,  is  now  releasing 
the  XLA  socket  for  civilian  use. 
Insertion  of  an  acorn  tube  is  ac¬ 
complished  by  a  rotary  motion  whicii 


An  old  friend 
—back  again! 

Yes,  TACO  is  back  again  with 
those  well-known  noiseless  antenna 
systems  and  multiple  antenna  sys¬ 
tems,  for.  brand  new  radio  thrills 
with  modem  and  ancient  receivers 
alike. 

Also,  TACO  is  ready  with  the  very 
latest  designs  of  antennae  for  the 
finest  entertainment  that  FM,  fac¬ 
simile  and  television  broadcasters 
will  have  to  offer  to  an  expectant 
public.  Therefore,  let  TACO  an¬ 
tenna  specialists  work  with  you  on 
your  reception  problems.  Our  col¬ 
laboration  is  yours  for  the  asking. 

'At  IVew  Catalog  •  •  • 

Lists,  describes  and  illustrates  the  outstand¬ 
ing  choice  of  antennae  and  systems  for 
hroadcastf  short-wave^  FM,  facsimile  and 
television  reception.  Copy  on  request. 
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'METAL 

STAMPINGSJ 


THE  ENGINEERING  CO 


Manufacturers  of  Precision  Electrical  Resistance  Instruments 


rnMVERTERS 


lai\etlc  marnifaciuriwT  t’o.  ssb  u’  nvmroc 


MIDGET 

TYPE 

600 


"Midget"  model 
is  especially  de¬ 
signed  for  crowd¬ 
ed  apparatus  or 
portablo  equip- 


^peclaltietf-  DKS  «x^  ^ 
p9timn€m  -^^^over  2® 
years  In  the,  Beld— 
now  available  for  the 
production  of  stamped  ^ 
metal  parts.  All  types 


•  Solid  silvor  centacH  and  stainloss  silvor 
alloy  wipor  arms.  . 

•  Rotor  hub  pinned  to  shaft  prevents  un¬ 
authorised  tampering  and  keeps  wiper 
arms  in  perfect  adjustment. 

•  Can  be  furnished  in  any  practical 
impedance  and  db.  loss  per  step  upon 
request. 

•  TECH  lABS  can  furnish  a  unit  for  every 
purpose. 

•  Write  for  buiietin  No.  431. 


Ponged  shapes,  intrl-  . 
cate  single  pieces  or 
fabricated  components  -fC 
are  included.  High  ^ 
quality  workmanship 
to  exacting  speciica- 
tions— -with  .  any  de-  ^ 
sired  Pnish  —  is  em- 
tiodied  in  overy  job.  '¥■ 


STANDARD 

TYPE 

700 


D.C.  to  A.C. 
by  JANETTE 


SCIENTIST 


(First 

with  a  basic  back¬ 
ground  in  Nuclear 
Physics  and  some 
knowledgeofAcoustics. 

Second:  ADMINISTRATOR 

A  true  leader  who  can 

(inspire  and  coordinate 
the  work  of  a  substan¬ 
tial  research  staff. 

Third:  ENGINEER 

who  can  translate  re¬ 
search  results  into 
production. 

AS  RESEARCH  DIRECTOR 

of  a  large  organization  devoted  ex¬ 
clusively  to  acoustic  instrument  re¬ 
search  and  service.  We  are  looking 
for  a  man  of  vision,  experience  and 
a  standing  which  commands  respect. 
To  this  exceptional  man  we  offer 
commensurate  rewards  and  the  in¬ 
creasing  opportunities  of  an  expand¬ 
ing  field. 

Addrasst  S.  W.  Rlarca, 

SONOTONE,  Elmsford,  N.  Y. 


Bectromc  »  direct  current  power 

canbe operated conv^er. 

by  sound  devices,  specially  de 

When  used  wim  «wnu  filter  ou 

—  «dio  no. 

,  jte  converters  hav 

^“’nMe^-^ce^Sr  verted  cUmatio  =ond 
given  ytg  of  the  world. 

Uons  in  all  parts  ^  requirement  and  want 

1£  youVvave  ®^^\.,Wghqusdity  converter  you 

.mfwlw  soecihr »  Jan®**®* 
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FINEST  MICROPHONES 

/arP. A...  -  recording/ 

» 


AMPERITE 

VELOCITY 

MICROPHONE 

WITH 

PATENTED 

ACOUSTIC 

COMPENSATOR 


A/eur  P.  G. 
DYNAMIC 

WITH  NEW 

SUPERIOR 
ELIPSOID 
PICK  UP 
PATTERN! 


AMPERITE  KONTAK  MIKES 
I  IDEAL  FOR  AMPLIFYING 
STRINGED  INSTRUMENTS 

USED  WITH  ANT  AMPLIFIER 
AND  WITH  RADIO  SETS. 

ASK  YOUR  JOBBER  .  .  .  WRITE  FOR  FOLDER  V 


subjects  the  glass  press  to  a  mini¬ 
mum  strain  from  the  contact  prongs 
The  socket  can  be  supplied  with  the 
XLA-S  silver-plated  shield  for  pent¬ 
odes  and  the  XLA-C  ceramic  capac¬ 
itor  which  may  be  mounted  inside 
the  socket  in  place  of  the  contact 
screw.  These  capacitors  are  avail¬ 
able  in  sizes  of  100,  60,  26  and  7  /ijxf. 

Seven  contacts  are  provided  so 
that  the  new  6F4  tube  can  be  in¬ 
serted  as  well  as  the  five-prong  950 
series. 


Mobile  Communication 

Aireon  Manufacturing  Corpora¬ 
tion  OF  Kansas  City,  Kansas,  an¬ 
nounces  mobile  vhf  station  equip¬ 
ment  which  operates  in  the  30  to  42 
me  band  and  is  intended  for  police, 
fire  department,  taxi  and  delivery 
truck  use. 

The  transmitter-receiver  combina¬ 
tion  shown  in  the  illustration  may 
be  operated  on  either  6  v  d-c  or  110 
V  a-c  by  interchanging  power  sup¬ 
plies.  Control  of  the  transmitter 


GLUE  HEATERS  for  INDUSTRY 

li  your  plant  usos  hot  glue,  in  large  or  small  quantities,  for  regular  or  infre¬ 
quent  applications,  on  your  production  line  or  in  pattern  shop  or  plant  mainte¬ 
nance  departments,  you'll  find  there  is  the  right  size  and  type  of  Sta-Warm  electric 
glue  heating  equipment. 


Bench  models  In 
elses  of  Vi  qt.  to 
11  qt.  cap. 


Economies  oroilable  to  you  in  Sta-Warm 
glue  tanks  and  pots  will  result  from  uni¬ 
form  heating  (without  burning  or  pemdt- 
ting  cold  liunps  to  form),  maintenance  of 
proper  working  temperature  of  155*  F. 
through  accurate  thermostat  control,  and  a 
wide  range  of  sizes  and  capacities  with 
special  operating  features  os  required. 

Features  such  os  hand  or  mechanical 
agitators  and  heated  drain  vOlTes  on  tank 
models  and  removable  spun  copper  in¬ 
serts  on  bench  pot  models  and  loose  or 
hinged  covers  help  Sto-Warm  electric 
"dry"  heat  glue  heaters  to  fit  your  Jobs. 


Floor  modols  in 
sizes  of  5  to  100 
gal. 


Inquire  for  details  by  writing  to  Dept.  B  today. 


STA-WARM  ELECTRIC  CO. 


1000  N.  CHESTNUT  ST. 


RAVENNA,  OHIO 


and  receiver  is  gained  by  a  push-to- 
talk  button  on  the  single-button  car¬ 
bon  microphone  provided  with  the 
station. 

Three  speaker  consoles,  two  for 
fixed  installations  and  one  for  mobile 
installations,  are  available.  All  three 
are  equipped  with  volume  control, 
noise  squelch  control  and  pilot  lights 
for  transmit-receive  warning. 

The  mobile  station  is  60-watt 
crystal-controlled,  phase-modulated 
with  type  807  power  amplifiers  feed¬ 
ing  a  quarter-wave  whip  antenna 
for  mobile  operation  and  a  half-wave 
coaxial  antenna  for  central  station 
operation.  The  transmitter  consists 
of  a  crystal  oscillator,  balanced 
modulator,  multiplier,  multiplier- 
driver  and  power  amplifier  stages. 
Modulation  is  type  A3  with  a  fre- 
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FAMOUS  SINCE  1892 


(B)  No.  5/-81  New  Eijier  8 
heod  type  Tipleis  Sealing 
Machine.  Adoptable  for  all 
types  and  sizes  of  bulbs 


RECOKDING  NEEOIE 


CHAS.  EISLER 

EISLER  ENGINEERING  CO 


751  SO  13th  STREET  (Near  Avon  Av«.)  NEWARK,  NEW  JERSEY 


SPECIALISTS  IN  MASS  PRODUCTION  TOOLS 

L  OYSTER  BAY,  LONG  ISLAND  NEW  YORK 


Th*  CHAS.  lISLER  lin*  of  tp«<iaKx*cl  of  devices  for  vacu 

electronic  tools,  machines  and  devices  is  _  gio,*  cutte 

complete  and  diversified.  Incljuded  are  .. 

innumerable  types  of  welders  —  spot,  «« 

seam,  butt,  rocker,  arm,  pneumatic  and  transfer 

special  types.  Also  included  are  hundreds  trial  and  general  nef 

#  ElSlER  tervM  99^  el  American  vacuum  lube  pro* 
diKert  lodoy.  Write  tor  completely  illutirofed  cotoloO' 


Maybe  the  very  first  "cutting" 
was  done  with  the  grand-daddy  of 
this  famous  recording  needle  .  .  . 
for  BAGSHAW  came  in  with  the 
talking  machine  itself!  Preferred 
in  sound  studios  where  only  the 
BEST  will  do  .  .  .  perfect  cutting 
mate  for  our  great  transcription 
Needle  that  you  know  so  well! 


JONES  500  SERIES 
PLUGS  and  SOCKETS 

(Heavy  Duty) 


Derigned  for  5000 
Volts  and  25  am- 
peras  per  con- 
Sockat  Con- 
tacts  of  phosphor 
bronsa,  kniia- 
^RSUpiB  switch  type,  sil- 

Tor  plated.  Plug 
fa/ Contacts  ore  of 
^  hard  brass,  sll- 

^  Tor  plcrted.  Made 

P-506-CE  in  2,  4,  6.  8,  10 

and  12  Contacts. 
All  Plugs 
Sockets 

Long 

leakage 

from 

to 

Terminal  to 
ground.  Caps 
S-506-DB  and  Brackets 

OYs  of  Steel  poikerized.  Plug  and  Sodeet 
blocks  interchangeable  In  Caps  and 
Brackets.  This  series  is  designed  for  heory 
duty  electrical  work  cmd  will  withstand 
severest  type  of  service. 

Write  lor  Bulletin  No.  500  descriUng  *ht« 
line  of  HeoTT  Duty  Plugs  and  Sockets. 


This  Assembly  Fixture 
Cuts  Manufaeturing  Costs 

•  Assembly  and  wiring  time  are  reduced  because 
the  position  oi  the  chassis  is  instantly  adjustable  lor 
each  operation. 

•  Operators  do  better  work  with  less  iatigue. 
thereby  minimizing  costly  trouble  shooting. 

•  One  fixture  investment  serves  lor  all  models 
since  each  fixture  is  adjustable  to  various  chassis 
sizes. 


For 

Home  Receivers 
Record  Changers 
T  ransmifiers 
Resisfor  Boards 
etc. 
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II.  W-  AI  TO.X 

SOI  1  IIIAIHIRI  It 

370  .SFVEMH  .WE.M  E  \E} 

ro..  i\4'. 

riN 

W  YORK  1,  S.  Y. 

MODEL  62 


VACUUM  TUBE  VOLTMETER 


quency  deviation  of  12  kc.  A  relay 
system  permits  local  or  remote 
operation  of  any  installation.  By 
use  of  a  plug-in  meter  and  a  six- 
position  metering  switch,  grid  cur¬ 
rent  in  all  stages  and  power  output 
may  be  measured. 

The  receiver  is  a  thirteen-tube 
double  superheterodyne,  entirely 
permeability  tuned,  with  both  i-f 
stages  crystal  controlled.  Sensitivity 
is  one-half  microvolt  and  the  audio 
power  output  is  one  and  one-half 
watts.  Alignment  of  the  receiver 
can  be  accomplished  by*  use  of  a 
260  fia  d-c  meter  plugged  into  the 
receiver  meter  jack. 


Television  and  F-M  Products 


SKCiFICATIONS: 

RANGE:  Push  button  selection  of  five  ranges — 1,  3, 10, 30  and  100  volts  a.  c.  or  d.C 
ACCURACY:  2%  of  full  scale.  Useable  from  50  cycles  to  150  megacycles. 
INDICATION:  Linear  for  d.  c.  and  calibrated  to  indicate  r.m.s.  values  of  a  tine- 
wave  or  71%  of  the  peak  value  of  a  complex  wave  on  a.  c. 

POItfER  SUPPLY:  115  volts,  40-60  cycles— ik>  batteries. 

DIMB4S10NS:  4%”  wide,  6“  high,  and  deep.  WBGHT:  Approximately  6  lbs. 
PRICE:  $135.00  f.o.b.  Beaton,  N.  J.  Immediate  Delivery 

MEASUREMENTS  CORPORATION 

BOONTON,  NEW  JERSEY 


United  States  Television  Mfg. 
Corp.,  106  7th  Ave.,  New  York  11, 
N.  Y.,  has  a  number  of  items  avail¬ 
able  for  wide-band  services  such  as 
f-m,  radar  and  television.  The  sweep 
generator  (TVFM)  covers  a  contin¬ 
uous  range  from  500  kc  to  110  me 
and  is  adjustable  from  10  me  down  to 
5,000  cps  at  any  frequency  within 
the  above  range  for  alignment  of 
narrow-band  receivers  or  amplifiers. 
Self-contained  power  supply;  input 
110  V,  50/60  cps,  60  watts.  Two  in- 


An  Invitation  to  All  Electrical  Designers  to 

TRY  SILVER  GRAPHALLOY 


FOR  BRUSHES  FOR  CONTACTS 

High  current  density,  low  contact  drop,  low  Low  contact  resistance  and  non-welding 
electrical  noise,  and  self-lubrication  are  when  breaking  surge  currents  are  inherent 
charocteristics  of  this  silver-impregnated  properties  of  this  unique  combination  of 
molded  graphite  that  may  be  the  answer  conductive  silver  and  self-lubricating 
to  your  electrical  brush  problems  graphite 

SAMPLES  of  Silver  Graphalloy  will  be  gladly  furnishad  for  test  on  yovr  applications. 
Silver  Graphalloy  is  usually  silvr  platad  to  parmit  easy  soldaring  to  loaf 
springs  or  holdars.  Why  not  WHITE  NOW  for  your  test  samplas? 

GRAPHITE  METALLIZING  CORPORATION^^IlHiKP 

KSS  NEPPEtNSN  ME  •  YONKERS.  NEW  YORK 


SLIP-RING  AND  COMMUTATOR  BRUSHES  AND  CONTACTS 


Swoop  Gonorotor 

ternal  markers  are  provided,  one  at 
intervals  of  10  me,  the  other  at  inter¬ 
vals  of  1  me  for  bandwidth  measure¬ 
ment.  The  amplitude  of  these  mark¬ 
ers  is  adjustable  from  the  panel.  The 
main  dial  is  marked  in  megacycles 
per  sec.  and  when  set  at  any  fre¬ 
quency  the  sweep  is  plus  and  minus 
5  me  from  this  setting. 

An  attenuator  is  provided  which 
reduces  the  output  signal  of  0.1  v  to 
about  30  fiv,  which  is  well  below  the 
gain  control  region  of  most  receiver 
or  amplifier  systems.  The  unit  meas¬ 
ures  14i  X  8  X  8  in.,  weighs  16  lb,  and 
costs  $395. 

Two  high-voltage  power  supplies 
furnish  up  to  12  or  up  to  30  kv  and 
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.  Find  Out  Now  About 

★  STAR  ★ 
CERAMICS 


There  are  many  kinds  lor 
special  uses,  such  as  appli¬ 
cations  calling  for  resistance 
to  electricity,  heat,  moisture, 
chemicals  or  weathering 
agents.  There  are  more  than 
a  score  of  formulas  in  actual 
production  at  one  time  in  our 
factory. 

Send  for  "A  Brief  Survey 
of  Technical  Characteristics 
of  Molded  Ceramic  Prod¬ 
ucts/'  It  is  right  to  the  point 

★ 

Jhe  STAR 

PORCELAIN  CO. 

Eleetresict  D«pt. 

Trenton  9,  N.  J. 


PHOT  I  IGHT 


Socket  Housings 


Custom  Molded... tc  mNt  tptciic 
riquirtiMntt...  by  on  MptrUand  orfanizatiM 
. .  teolid  far  tba  pradactioa  af  plastks  parts 
far  alattriral  ar  ganarol  applUotians.  laqairiat 
otkaowladgad  proaiplly. 


JUST  PUBLISHED 

The  Most  Indispettsable  Reference  in  Radio-Electronics 

Electronic  Engineering  Muster  Index 

A  master  compilation  of  over  15,000  titles, 
articles  and  texts  selected  for  their  value  to  the 
research  engineer,  this  INDEX  covers  the  years 
1925-1945  and  enables  you  to  survey  twenty 
years  of  research  literature  on  any  subject  in  a 
matter  of  minutes! 

Vffoffy  Naedad  la  Evary  Laborafory  and  Library 


COMPLETE  IN  ONE  VOLUME 


PART  I 
January  1925  to 
December  1934 


PART  II 

luary  1935  to 


June  1945 


PARTIAL  LIST  OF  PERIODICALS  INDEXED: 


Ball  Laboratories  Record 
Bell  System  Technical 
Journal 

Conununi  cat  ions 
Electrical  Communication 
Electrical  Engineering 
Engineering 
Elearonics 
Elearonic  Industries 
Jour,  of  Applied  Physics 


Journal  of  I.E.E. 

General  Electric  Review 
Physical  Review 
Proceedingp  I.R.E. 
Transactions  of  A. I.E.E. 
Transactions  of  A.S.M.E. 
Radio  Ne.vs 
R.C.A.  Review 
Wireless  Engineer 


A  $500  Reference  Library  in  One  Volume  for  $77.50 

Descriptive  circular  on  request. 

ELECTRONICS  RESEARCH  PUBLISHING  COMPANY 


2  Wnst  46th  Str^t 


New  York  19.  N.  Y. 


MANUFACTURERS  OF  RADIO,  ELECTRICAL 
AND  ELECTRONIC  COMPONENTS 


•Mulivctl  aHoItUlUl 

<tn<l  •Wstizisl  etc  O'- ' 

335  NOPTH  wHiPPit  ST  .CHICAGO  12  III  il  7  3  00  HURON  RIVER  DRIVE 


DEXTER,  MICHIGAN 
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are  suitable  for  7,  10,  12,  or  14-iii. 
direct-viewing  Kinescopes.  The 
smaller  unit  has  an  output  voltage 
adjustable  from  6  to  12  kv  d-c,  ob¬ 
tained  from  rectified  r-f.  Regulation 
of  10  percent  for  from  0  to  800  /tamp 
is  obtainable.  The  r-f  rectification 
principle  allows  lighter  components 


mtvn 


PHOTO  ELECTRIC 
CELLS 


LABORATORIES,  INC. 

L  82  Meadow  St,  New  Haven  10,  Conn 


Teach  yourself 

MATHEMATICS 


new  jobs 

radio  H  •nic 
television  m 
radar  m 

Here’s  the  manual  which 
can  make  you  master  of 
mathematics,  from  arith- 
medc  to  calculus,  used  in  ^B 

radio  and  communication  ^B 

engineering.  Especially  ar-  ^B  7772 

ranged  for  home  study,  ^B 

the  book  gives  all  the 
mathematics  you  need, 
from  basic  fundamentals 
to  more  detailed  concepts — to  help  you  get 
ahead  in  radio,  television,  frequency  modu¬ 
lation,  radar  development. 


See  it  10  days— Send  coupon 


Many  Standard  Mountings 


In  addidon  to  the 
housed  model  shown 
here,  with  its  plug-in 
contacts,  Bradley  also 
offers  tube  socket,  nut- 
ai^-bolt  types  and  pig¬ 
tail  contact  mountings. 

The  shapes  of  Lux- 
tron  photocells  vary 
from  circles  to  squares, 
with  every  in-between 
shape  desired.  Their 
sizes  range  from  very 
small  to  the  largest 
required. 

For  direct  conversion 
of  light  into  electric 
specify  Brad¬ 
ley’s  photocells.  They 
are  rugged,  lightweight 
and  true-to-rating. 


Just  Published! 


APPLIED 

AAATHEAAATICS 

For  Radio  and  Communication 
Engineers 

ly  CARL  E.  SMITH 

Aa*lM*nt  Chlot.  OpantloiiAl  Baawreh  Braneh,  OOm  o( 
Uia  Chlaf  BlgiuU  OtBecr,  War  Dsputmeot;  DerelopiDcnt 
and  nweareh  ITintnag  (an  Imvc).  United  Broadeaitloi 
Co.,  Clcraland 

336  pages.  SVa  x  S'A.  $3.50 

Vou  will  find  It  enny  to  learn  by  youraelf 
tbrouch  this  method  of  preaentation.  Ueeful 
design  equations  are  solved  In  the  text,  and 
ISO  exercise  problems  help  you  build  a  rare 
working  knowledge  of  each  subject  There  li 
a  simplified  treatment  of  calculus  and  the  laat 
chapter  on  series  and  wave  forma  meets  the 
modern  trends  to  frequency  modulation,  tele¬ 
vision  and  radar  development  An  unusually 
full  appendix  of  useful  charts  and  tables  con¬ 
tains  all  necessary  reference  material. 

CHAPTERS 

Arithmatle  Qoadratlo  BquaUont 

Logarlthnu  Hyparboho  Trigonometry 

Algebra  DUfarenUal  Calculus  Treat- 

Geometry  Ing  Algebraio  Functions 

Trlgonomotry  Differantlal  Caloulus  Treat- 

Vector  Addition  Ing  Transcendental  Func- 

Conaplex  Quantities  tlooa 

Currea  and  Graphs  Integral  Calculus 

Blmultanaoua  Bquatlona  Serlaa  and  Wave  Forma 

laelBdao  17  fifaras,  20  tablas  aad  abarts.  Tka  artMsta- 

tiaa  hat  baan  atraamllaad  ta  iaeiada  aaly  tka  aabjact  nat- 
tar  maat  ss^nl  la  tka  fiald  af  mdia  nad  aaamunleatlta 

aagiaaarlag. 


Illustrated  literature, 
available  on  request, 
shows  more  models  of 
Brodley  photocells,  plus 
o  Rne  of  coppc»r  oxi^ 
and  selenium  recHfiers. 
Write  for  'The  Brodley 


BRADLEY 


Cathodo-Roy  Tub*  Tokn* 
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Hiqh-Voltaqn  Power  Supply 


and  a  filter-input  capacitor  of  only 
500  fifif,  thereby  reducing  shock 
hazard.  Price  for  a  single  unit  is 
$65,  and  about  $20  per  unit  in  lots 
of  1,000.  Iconoscope  yokes  (ITY5) 
with  overall  length  of  3  in.,  2i  in. 
outside  diam,  2  mh  vertical  induc¬ 
tance,  100  /th  horizontal  inductance 
(at  1,000  cps)  and  low  crosstalk  will, 
in  general,  require  newly  designed 
output  transformers.  Unit  price  is 
$100,  $88.20  for  small  lots. 

Deflection  yokes  for  direct-view¬ 
ing  or  projection  television  c-r  tubes 
are  also  available.  The  model  RTY5 
for  50  and  55  deg  deflection  has  the 
following  characteristics;  Q,  15;  L, 
5  mh ;  R,  20  ohms  for  horizontal  coils 
and  L,  20  mh;  R,  30  ohms  for  verti¬ 
cal.  Deviation  from  true  rectangu- 
larity  of  the  scanning  raster  is  less 
than  0.3  percent  of  any  edge  dimen¬ 
sion.  Overall  length,  3  in.,  outside 
dimension  3i  in.  plus  terminal  lugs. 
The  inside  dimension  is  li  in.  Model 
PTY5  for  40-deg  deflection  angle 
has,  for  horizontal  coils,  Q,  15;  L, 


McGraw-Hill  Book  Ca..  340  W.  42nd  8t.  N.Y.C.  18 
Brad  me  Smltb'a  Applied  MathematleB  for  Radio  rad 
Oommuniratlon  Bngineert  for  10  daya  axamlnation  on 
approval.  In  10  days  I  will  srad  $3.50,  plus  few  c«nu 
postage,  or  return  book  postpaid.  (Postage  paid  on  essn 
orders.) 


Name 


Qty  and  State. 


Addreaa 


gK0\O  c  .1)7^ 

U)iT^,^  i 


4k  -5 


0 


....  also  pioneers 
in  the  design  and 
manufacture  of 

Ceramic,  Porce- 
laia  &  Steatite  In- 
salators.  Antennas, 
Hook-Up  Wires, 
Sklelded  Micro¬ 
phone  Cable  and 
5.  J.  Cable. 

Specify  and  use 
"Bimbach"producti. 
Complete  Stock  at 
your  jobber. 


BIRNBACH  RADIO  CO..  Inc 

I4S  HUDSON  ST  NEW  YORK  13,  N  Y 


LAMP  ANNUNCIATORS 

Kirkland  Bulli-I-Unilt  or*  idoal  for  this  purpoM, 
Juft  provida  tha  propor  tiza  holo*  in  th*  panel, 
than  insoft  Hw  Kirklond  units  and  lock  into 
place.  AAony  different  unite  to  choose  from. 
Assembly  is  then  reody  for  installation. 

Connect  incoming  wires  and  place 
in  seryice.  Typical  unit  illustrated 
obove  mode  with  T2  units. 


KIRKLAND  Pioneer 

INDICATING  LAMPS 


Small  and  modem,  molded  of  bokelite.  For  use 
with  slide-base  switchboard  bulb  (24  volts, 
0.038  Max.  Amp)  with  resistor  on  120-220- 
440  volts.  Overall  dia.  Lens-Cap  >4". 
LIST  PRICE  (less  bulb)  70<. 

Write  Today  for  Cotofogue 
Where  Quality  is  the 
Foremost  Consideration 


The  H  R.  KIRKLAND.CO.,  Mor\iitpwn,  N.  J. 


ANTICIPATE  / 

YOUR  REQUIREMENTS  / 


First  Come  . . . 
First  Served! 

Orders  for  transformers  are  pouring  in 
so  fast  that  we  will  soon  be  booked  to 
capacity  for  several  months  to  come. 
If  your  product  requires  heavy  duty 
filter  reactors,  swinging  reactors,  or  plate 
transformers,  anticipate  your  require¬ 
ments  and  place  your  order  NOW! 


DONGAN  ELECTRIC  MFG.  CO. 

2977  Franklin  Datrolt  7.  Mich. 


bot\GAI\ 


Draftsman  Wanted 


Also 


Designer,  Detailer, 
Tracer  and  Engineer 


We  are  one  of  the  largest  manufacturers  of  a  wide  variety 
of  communication  and  electronic  equipment  in  the  world, 
fully  prepared  and  ready  to  go  ahead  with  a  very  ambitious, 
expansion  program  as  quickly  as  we  are  permitted.  There 
will  be  unlimited  possibilities  for  creative,  ambitious  men  to 
advance  to  key  positions  both  in  research  development  and 
production  field. 

Good  Starting  Salaries 

Exceptionally  fine  working  conditions 
Apply:  Personnel  Office,  8  A.  M.  to  5  P.  M. 

Federal  Telephone  &  Radio  Corp. 

the  Mfg.  unit  of  the  International  Tel.  &  Tel.  Corp. 

591  BROAD  ST.,  NEWARK,  N.  J. 
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n  RODUCE  faster,  at  lower  cost.  Stops  errors 
'  and  spoilage  due  to  faulty  tension  of  fine 
wires  in  coil  winding.  One  tension  always  works 
best.  TENSOMETER  measures  the  running  ten¬ 
sion  of  fine  wire,  yam,  etc.  Always  helpful,  often 
indispensable.  Send  for  yourTENSOMETER  today. 

SIPP-EASTWOOD  CORPORATION 

Manufacfttnr  of  Toxtile  Machinory 

KEEN  &  SUMMER  STREETS,  PATERSON.  N.  J. 


0J5  Groas 

$22.50 

0.75  Groats 

$19.50 

0-150  Groats 

$22.50 

F.O.t.  PotorsM 


A 


wm 


5  mh;  R,  20  ohms;  and  for  vertical 
L,  20  mh ;  R,  30  ohms.  Overall  length 
is  3i  in.;  outside  diameter,  3i  jn 
plus  terminal  lugs  and  outside  di¬ 
ameter  Ik  in.  Connections  are  made 
to  terminal  lugs  to  the  rear  on  the 
outside  shell.  Unit  cost  of  both 
models  is  $40  or  $25  in  lots  of  lOO. 

41 

Miniature  Pentode 

Western  Electric  Co.,  Inc.,  195 
Broadway,  New  York  7,  N.  Y.,  has 
adapted  the  type  6AK5  miniature 
pentode  from  tubes  designed  for 
broad-band  coaxial  cable  systems. 
Operating  up  to  360  me,  it  should 
play  an  important  role  in  f-m  and 
television.  With  a  diameter  of  i  in. 


and  a  seated  height  of  li  in.,  the  tube 
has  an  indirectly  heated  cathode  op¬ 
erating  at  6.3  V  and  0.175  amp.  Plate 
and  screen  operate  at  120  v,  the  grid 
at  2  V.  Plate  current  is  7.6  ma  and 
screen,  2.5  ma.  Transconductance  is 
5,000  /imhos;  input  capacitance  4 
/i/if;  output,  2  /i/if.  Plate-grid  ca¬ 
pacitance  is  0.01  /i/if. 

Literature _ 

4Z 

Cnrstals.  Aireon  Mfg.  Corp.,  Kansas 
City,  Kansas.  A  new  catalog  de¬ 
scribing  all  types  of  crystals, 
mounted  and  unmounted,  featuring 
a  compact  transmitter  unit  to  be 
soldered  into  the  circuit  like  a  re¬ 
sistor  or  capacitor.  Another  for  use 
as  an  i-f  filter  is  similarly  supplied 
with  soldering  lugs. 

43 

Airplane  Radio.  Bendix  Aviation 
Corp.,  Towson  4,  Md.  A  24-page 
pamphlet  entitled  “For  Wider  Hori¬ 
zons”  describes  simple  radiq  equip¬ 
ment  and  navigational  techniques 


Measure  Running  Tension  of 

HNE  WIRES 


COIL 

WINDING 

With  the 

FENSOMETER 


The  demand  for 
MEWT__  TM^FORMERS 
is  greerter  them  cmtici- 
ported — MERIT  wishes 
they  could  take  care 
of  this  demand  but 
face  the  reality  that  it 
will  be  several  months 
before  new  orders  can 
be  filleeL 


MERIT  COIL  &  TRANSFORMER  CORP 


4427  North  Clark  St. 


CHICAGO  40,  ILL 
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Jh  fKwjTuMnn 


EVERLOK 


THERE'S  A  DRAKE 

SOLDERING  IRON 

FOR  EVERY  TYPE  OF 
ELECTRONIC  WORK 


FOR 

PORTABLE  SOUND 
AND  SIGNAL  SYSTEMS 
2  to  1 


POLE 


FOR 

POWER 

10  to  200  AMP. 
2,  3  &  4  POLE 


E  .•'■'.OSlON-PROOF.  water  TIGHT.  INDUSTRIAL  LIGHTING  FUTUPFS 

AND  tOUiPvFNT  automatic  locking  "ever-lok"  connectors 

125  BARCLAY  STREET  •  NEW  YORK  7,  N.  Y. 


3656  LINCOLN  AVE.  CHICAGO,  ILL 


'REcisiaN-Bai 


Cylindrical,  Tapered  or 
Square  Shaped 

F.  S.  Precision-Bore  Glass  Tubes 
are  made  to  exact  inside  dimen¬ 
sions  for  application  where  inter¬ 
changeability  and  precise  bore  are 
required. 

Inside  diameter:  0.216  mm 
(0.0085")  to  100  mm  (4")  kept 
accurate  within  .01  to  .001  mm 
(±.0004"  to  .00004"). 

For:  Manometers,  Viscosimeters, 
Flowmeters,  Barometers,  Gau^, 
Pumps  and  many  other  scientific, 
technical  and  industrial  purposes. 

Ask  for  Bulletin  PB-298 
Made  of  Pyrex  or  Kimble  NC.  glass 

FISH-SCHURMAN  CORPORATION 
230  Eotf  45tli  St.,  New  Yerii  17,  N.  Y. 


It’s  your  custom  molder’s  responsibility.  He  must  make 
the  part  right ...  or  the  product  is  wrong!  When  you 
specify  Northern  you  gain  the  advantage  of  more  than 
37  years  of  experience  in  producing  plastics  for  all  type 
assemblies.  You  are  assured  of  precision  and  uniformity 
for  your  plastic  part,  which  means  quicker,  cleaner  as¬ 
sembly  ...  a  better  all-over  job. 


38  Years  of  Plastic  Avoiding  Exporienee 
7-11  ELKINS  ST..  SO.  BOSTON  27,  MASS. 


WATERTIGHT 


From  that  mighty  mite 


m  PANEL  MOUNTING 

PLUGS  AND  RECEPTACLES 

VIBRATION-PROOF  ASSEMBLIES 


the  Drake  No.  400  to  the  high< 
speed  production  “honey” 


For  locknut  or  bolted  style  mounting  to  panels  1/16" 
to  5/8"  thick.  Precision  built  housings  —  light  weight, 
ample  wiring  space. 

Contacts  fully  machined,  self  wiping  and  free  floating. 
All  terminals  identifed.  Polarized,  grounded  and 
shielded. 

Interior  moulded  bokelite.  Moulded  rubber  gaskets  on 
watertight  style. 

Thousands  in  use  for  vital  war  service. 

Simuf90P  Please  address 

Dept.  No.  H 


the  Drake  No.  600-10  there  is  a 
high  quality  Drake  Soldwing 
Iron  “just  right”  for  the  job. 

Drake  Heat  Controls  and  the 
Drake  ^^Magic  Cup”  Stand  are 
important  soldering  aids. 


SEE 

YOUR  RADIO 
PARTS  JOBBER 
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Comfliessm 

PLASTIC 

PRODUCTS 

^  H*r«  of  Rogon,  you  ore  invited  to  avail 
yourselves  of  our  complete  knowledge  and  long 
experience  in  all  phases  of  plastic  molding. 
Our  staff  of  trained  experts  vrill  be  glad  to 
assist  you  with  your  plastic  problems,  no 
matter  how  involved  or  comprehensive. 

In  addition  to  compression  molding,  we  also 
offer  an  exclusive  “deep  relief’  branding 
process  that  goes  a  long  way  toward  reduc* 
ing  the  cost  of  plastics  that  must  bear  mark* 
ings,  lettering  or  other  descripHve  matter. 

Write  for  facts  on  this  lower  cost,  combina* 
tion  service  today. 

R06AN  BROS. 

WfV  VWiVWfv  WW  rw9iwmwmm 

2003  S.  mCHICAN  AVENUE  •  CHICAGO  U,  ILLINOIS 


» ■ 


FOR  TELEVISION,  i 
ELECTRONIC,  OPTICAL,  ! 
and  SOENTinC  APPARATUS 


Front  or  Rear  Surface  AAirrors  and  Re* 
fteclors  mode  to  your  spedfkations. 
Closest  optical  «»d  dimensional  toler¬ 
ances  olwerved. 

•  aCETOONAl  ttFUCnVITY 

•  Will  NOT  TAINISH 

•  OTMUE  01  SBN-TUMSraiHT 

•  NEM  tISISTANf 

•  PIOMPT  SEIVICE 

We  invite  your  inquiries.  Samples  and 
,  -  quotations  will  be  sobiwtted  promptly. 


UBOBATOff 


SPEOAUSTS  IN 
^CUUM  DSPOSmON 


123  WEST  64th  STRRT 
HEW  YORK  23.  N.  Y. 


for  the  personal  plane  pilot.  Iliug. 
trated  with  cartoons  and  drawings 

44 

Diversity  Receiver.  Schuttig  and 
Co.,  Washington  17,  D.  C.  Block  dia¬ 
grams,  specifications  and  photo¬ 
graphs  of  diversity  reception  com¬ 
ponents  for  radio  telephone  and 
telegraph.  A  necessity  for  high¬ 
speed  printer  or  other  signalling 
circuits,  the  diversity  system  of  re¬ 
ceiving  fading  signals  insures  com¬ 
munication  otherwise  impossible. 

45 

Capacitors.  Electrical  Reactance 
Corp.,  Franklinville,  N.  Y.  Ulus- 
trated  bulletin  covering  silver-elec¬ 
trode,  ceramic  capacitors  with  com¬ 
plete  specifications  and  JAN  type 
designations. 

46 

Batteries.  National  Carbon  Co., 
Inc.,  30  East  42nd  St.,  New  York  17, 
N.  Y.  Battery  Engineering  Bulletin 
which  shows  batteries  according  to 
usage  and  suggested  current  range. 
With  this  information  a  table  will 
show  a  choice  of  several  suitable  to 
the  purpose.  Weight,  size  and  oper¬ 
ating  cost  will  then  determine  the 
final  choice.  Sketches  of  size  and  lo¬ 
cation  of  terminals  are  given. 

47 

Insulation.  William  Brand  &  Co., 
276  4th  Ave.,  New  York  10,  N.  Y. 
Theory  and  Behavior  of  Dielectrics, 
Mica  and  Mica  Plate,  Natural  Oils 
as  Dielectrics,  Varnishes  for  Elec¬ 
trical  Insulation,  Inorganic  Insula¬ 
tions,  Table  of  Mechanical  and 
Electrical  Properties  of  Plastic  Ma¬ 
terials  are  some  of  the  headings 
given  in  this  32-page  bulletin. 

48 

H-F  Heating.  Radio  Corporation  of 
America,  Camden,  N.  J.  Mechani¬ 
cal  and  electrical  specifications,  il¬ 
lustrations,  suggestions  for  use  of 
Model  2-B  and  Type  15-B  power 
generators  for  high-frequency  heat¬ 
ing. 

49 

Dry  Rectifiers.  Radio  Receptor  Co., 
Inc.,  251  West  19th-  St.,  New  York 
11,  N.  Y.  Ratings  of  Seletron  selen¬ 
ium  rectifiers  and  typical  circuit 
connections.  Graphs  of  voltage  var¬ 
iation  with  load  and  derating  table 
for  high  ambient  temperatures. 

•  50 

Meters.  Marion  Electrical  Instru- 
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IlCS 


All  kinds,  sizes  and 
shapes,  standard  and 
special  designs.  Con¬ 
tract  and  engineered 
screw  specialties,  pre¬ 
cision  made,  econom¬ 
ically  produced. 


This  new  C.  T.  C.  development  is 
available  for  use  at  any  frequenqr 
from  )/2  megacycle  to  60  mega¬ 
cycles.  Slug  tuning  range  is  from 
1.5-1  in  frequency. 

When  ordering  the  LS-3  be  sure 
to  specify  the  inductance  or  capac¬ 
itance  and  frequency  required. 


[ENGLAND 


For  complete  information  write  for  C.  T.  C 
Bulletin  No.  100. 


CAMBRIDGE  THERMIONIC  CORPORATION 

439  Concord  Avenue  •  Cambridge  38,  Moss. 


RAWSON 

MULTIMETERS 


#  Dependable  Prodncts 

#  20  years  of  experi¬ 
ence 

#  Proven  War  Record 

#  Modern  Plant  Eqnip- 
ment 

#  Paper  Capacitors 

#  All  types  for 

all  purposes 


CHICAGO  47.  ILLINOIS 


TypM  SOIA.  SOIB.  50IC 
AeenrMy  of  1% 

Readings  from  2  microamperes  to  1 
ampere  on  5  ranges,  and  20  microvolts 
to  1000  volts  on  9  ranges. 

The  word  MULTIMETER  is  our  copy¬ 
righted  trade  mark. 

Write  for  bulleflns 

We  can  also  supply 
Single  range  meters  and  other  combina¬ 
tions  of  ranges 

THERMAL  MULTIMETERS  for  A.  C. 
ELECTROSTATIC  VOLTMETERS 
FLUXMETERS 

Special  apporafus  built  to  order 

RAWSON  ELECTRICAL 
INSTRUMENT  COMPANY 

111  Form  ST.  CAMUIDCE,  MASS. 

_  Represeetotives 

CHICAGO  NEW  YORK  CITY 


Filaments,  anodes,  supports, 
springs,  etc.  for  electronic  tubes. 
Small  wire  and  flat  meted  formed 
parts  to  your  prints  for  your  assem¬ 
blies.  LUXON  fishing  tackle  acces¬ 
sories,  dotible  pointed  pins,  fine  sizes 
wire  straightened.  Inquiries  will  re¬ 
ceive  prompt  attention. 
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NOW  IN  BOOK  FORM 
a  practical  guide  to 

ELECTRON 

OPTICS 

and  the 

ELECTRON 

MICROSCOPE 


By  V.  K.  ZWORYKIN. 
G.  A.  MORTON, 

£.  G.  RAMBERG, 

J.  HILLIER, 

A.  W.  VANCE; 

M  at 

RCA  Laboratories 
Princeton,  N.  J. 

A  comprehensive 
treatment  of  the  elec¬ 
tron  microscope  in  all 
its  phases.  ELECTRON  OPTICS  AND 
THE  ELECTRON  MICROSCOPE  is  de¬ 
signed: 

(1)  to  aid  the  electron  microscopist  in 
understanding  his  instrument  and  in 
using  it  to  greatest  advantage,  and 

(2)  to  present  the  praaical  and  theoretical 
knowledge  which  mim  form  the  basis 
for  further  progress  in  electron  micro¬ 
scope  design. 

To^ful^l  this^  twofold  purpose,  the  book 
bera  divided  into  two  parts.  The  first  part 
contains  descriptions  of  various  types  of 
electron  microscope,  together  with  a  non- 
ma^ematical  discussion  of  the  electron 
optical^  theories  on  which  the  electron  micro¬ 
scope  is  based.  The  second  part  presents  a 
methodical  development  of  theoretii^  electron 
optics.  This  sTCtion  is  intended  to  supple¬ 
ment  the  practical  information  of  the  first 
part  and  to  serve  as  a  guide  in  electron 
(^tical  design  of  improved  instruments. 


-CONTENTS- 


PART  I— PRACTICAL  ELECTRON  OP¬ 
TICS  AND  ELECTRON  MICROSCOPY 
Electron  Optics  •  Apidications  of  Elec- 
^on  Optics  •  Electron  Microscopes  • 
Electron  Optics  of  High  Magnification 

•  The  Magnetic  Electron  Microscope  • 
Aberrations  and  Tcderances  in  the  Elec¬ 
tron  Microscope  •  Electron  Microscope 
Power  Supplies  •  Manipulation  of  the 
El^ron  Microscope  •  The  Electron 
Microscope  as  a  Research  Instrument. 
PART  n— THEORETICAL  BASIS  OF 
ELECTRON  OPTICS  AND  THE  ELEC¬ 
TRON  MICROSCOPE  •  Theoretical 
Basis  of  Electron  Optics  *  Determina¬ 
tion  of  Potential  Distribution  •  Electron 
Tryectory  Tracing  •  Gaussian  Dioptrics 
of  Electrostatic  Lenses  *  Magnetic  Fields 

•  Electron  Motion  in  Maraetic  Fields 
and  Magnetic  Lenses  •  Aberrations  of 
Elei^ron  Lenses  •  Magnitude  and  Cor¬ 
rection  of  Electron  Lens  Defects  * 
High-Voltage  Electron  Optics — Ion  Op¬ 
tics  *  Image  Formation  in  the  Electron 
Microscope.  APPENDIX.  INDEX. 


(1946) 


747  Pages 


$10.00 


ON  APPROVAL  COUPON 

JOHN  WILEY  E  SONS.  lac. 

440  Fowtii  Av*..  New  York  U,  N.  Y. 
Please  send  me  a  copy  of  Zworykin’s 
ELECTRON  OPTICS  on  ten  days’  approval. 
At  the  end  of  that  time,  if  I  decide  to  keep 
the  book,  I  will  remit  $10.00  plus  postage; 
otherwise  I  will  return  the  book  imstpaid. 

Name  . 


Address  . 

City  and  State . 

Employed  by . E-2-46 


ment  Co.,  Manchester,  N.  H.  A  28- 
page  book  describing  the  line  of 
standard  and  hermetically  sealed 
electrical  indicating  instruments. 

A  buyer’s  guide  to  help  the  prospec¬ 
tive  user  choose  the  instrument  to 
fit  his  need,  and  a  story  of  produc¬ 
tion  procedures  and  tests. 

51 

Tubes.  Sylvania  Electric  Products 
Inc.,  Emporium,  Penna.  This  manu¬ 
facturer  has  summed  up  descrip¬ 
tions  and  specifications  on  a  num¬ 
ber  of  new  tube  types.  Three  of 
these  are  for  stroboscopic  work,  de¬ 
signated  strobotron,  gas  discharge, 
and  strobolux.  The  glow  modulator 
tube  is  suitable  for  facsimile  re¬ 
cording.  Complete  ratings  are  avail¬ 
able  for  the  type  7AG7  sharp-cutoff 
pentode  and  the  6K4  general  pur¬ 
pose  triode.  A  crystal  diode  for  use 
at  high  frequencies  is  described. 
For  measuring  low  gas  pressures 
there  are  available  two  other  tubes, 
the  pirani  and  thermocouple  types. 
Other  separate  sheets  list  lock-in 
tube  classifications,  tentative  mini¬ 
ature  tube  characteristics,  and  ten¬ 
tative  proximity  fuse  style  charac¬ 
teristics. 

52 

Test  Clips.  Frankel  Connector  Co., 
Inc.,  177  Hudson  St.,  New  York,  N. 
Y.  In  Catalog  No.  4-C,  the  bulk  of 
the  48  pages  is  devoted  to  heavy 
duty  connectors.  One  page  de¬ 
scribes  an  excellent  line  of  small 
test  clips  widely  used  in  telephone 
and  radio  service.  Some  of  these  are 
characterized  by  a  pin  point  at¬ 
tached  to  one  jaw  so  that  an  insu¬ 
lated  wire  may  be  pierced  for  con¬ 
tact  without  appreciably  breaking 
the  protective  rubber  insulation. 

53 

Plastics.  The  Society  of  the  Plastics 
Industry,  Inc.,  295  Madison  Ave., 
New  York  17,  N.  Y.  To  combat  ex¬ 
travagant  claims  and  delirious 
hopes  for  the  future  of  plastics,  the 
Society  has  published  a  history  of 
the  subject,  together  with  an  esti¬ 
mate  of  employment  opportunities. 
A  list  of  schools  and  colleges  giving 
courses  in  plastics  and  a  bibliog¬ 
raphy  of  trade  papers  and  texts 
concludes  the  36-page  booklet.  The 
returning  service  man  or  woman 
would  do  well  to  study  this  informa¬ 
tion. 

54 

Cables  and  Harness.  Alden  Prod- 


Electrical  Contr 
orators,  Powe 


otors,  Gen- 
Sub-Station 


Equipntent.  Ml^tandard  and 
Short  Wav^^plif  iers,  Trans- 
formers/Sj^pfakers,  Station 
Equipm^^.^^ipecial  Induction 
and  Dml^tric  Heating  Ma- 
chine^^^to-electric  Controls, 
High^nquency  Generators, 
MoaOning  Equipment,  Etc. 


^5  €^jctu9Pi 

v/f  Whwi  You  Nt» rf  H  feist 

bnln  Pre/net  or  Any  Pkm» 
HMwIr  in  Yotw  Shop  or  Oort 


f: 

Jw*'.  • 
} 
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mmi 

INDUSTRIAL  DCflGNERS  &  ENGINEERS 
230  C.0HI0  ST. 

CHICAGO  11 


3S2 
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Wtrifim 


Vertical  Antennas 


Tubular  Muted  Vertical  Antenneu 
■uitoble  for  cdl  types  of  short-wenre 
communications.  Standard  and 
speeded  designs.  Send  for  Bulletin 


FrocJucrs 


Ir  c 


m  ux 


(;o## #/#*#! .s#*r  {y^mpunu 


DIvMon  Cblshoim-Ryder  Co.,  Inc. 

4611  Highland  Ave.  Niagara  Falls,  N.  Y. 


HARMS 


HELIUM. KRYPTON 


HYDROGEN 
NITROGEN-OXYGEN 


COMPLETE 
GAS  PRODUCTION 
PLANTS  INSTALLED 
FOR  LOWEST  COST 
OPERATION  .  .  . 


FORMING  MIXTURES 
CARBON  DIOXIDE 
ACETYLENE 


HIGHEST  QUALITIES 


AMT  QUAMTITT 


TOUfUX  BEX*"*®® 


CONTROL  VIBRATION 
ELIMINATE  SHOCK  &  NOISE 

HARRIS  PRODUCTS 

COMPANY 

I  5106  Cowan  Ave.  *  Cleveland  4.  Ohio 
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0  instrument 
housings 

•  panels 

•  CHASSIS 


IV\ETAL  and 
PI  ASTIC 

SPECIALTIES 


SCREW  HUCHIHE  PMWS  WO  STMRWMGS 

E.p..»nc.d  Lb-iCion  ond  <<.p.nd.bl.  «n,i» 

,o,  ,11  «•  '"<*»  "  , 


STAMFORD  METAL  SPECIALTY  CO.,  428  BROADWAY,  N.  Y.  13 


Specializing  in  the  production  of  highest 
quality  Alnico  Magnets  in  all  grades  in¬ 
cluding  new  triple  strength  No.  5. 


Production  material  checked  to  assure 
highest  uniform  quality  of  product. 

Castings  made  to  customer's  special 
order  on  the  basis  of  sketches  or  blue 
prints  furnished. 

Information  and  suggestions  furnished 
on  request. 


MANUFACTURERS  OF  HIGH  COERCIVE  MAGNETIC  AllOYS 


MAGNETIC  CORPORATION 


2126  E.  FORT  STREET 

DETROIT  7,  MICHIGAN 


ucts  Co.,  117  North  Main  St.,  Brock¬ 
ton  64,  Mass.  Among  the  various 
products  and  services  available,  ca¬ 
ble  assemblies  are  described  in  Sec¬ 
tion  E  of  the  company’s  Blue  Book. 
Types  of  wire  and  typical  cables  are 
described. 

55 

Transmitters.  Federal  Telephone 
and  Radio  Corp.,  591  Broad  St., 
Newark  1,  N.  J.  A  brochure  on  a 
complete  f-m  radio  telephone  sys¬ 
tem  for  police,  fire  and  all  emer¬ 
gency  services. 

56 

Power  Tubes.  Federal  Telephone 
and  Radio  Corp.,  591  Broad  St, 
Newark  1,  N.  J.  Types  and  ratings 
of  air-  and  water-cooled  power 
tubes  for  industrial  or  radio  com¬ 
munication  service.  Mercury  vapor 
and  high-vacuum,  water-cooled  rec¬ 
tifiers  are  included. 

57 

X-Ray  Equipment.  North  American 
Philips  Co.,  Inc.,  100  East  42nd  St, 
New  York  17,  N.  Y.  A  12-page  book¬ 
let  entitled  “Norelco  Industrial 
X-ray  Equipment”  describes  equip¬ 
ment  suitable  for  quality  control  in 
manufacturing. 


ELECTRONIC  USE  ^ 

FOR  YEARS  A  LEADING  SUPPLIER  OF  PRECIOUS  METALS 

TO  THE  ELECTRIC  AND  ELECTRONICS  INDUSTRIES. 


THE  AMERICAN  PLATINUM  WORKS 


N  J  R  R  AVE  AT  OLIVER  ST 
NEWARK  5,  N  J. 


PRECIOUS  METALS  SINCE  1875 


f^re^etred 

as  a  source  of  pre- 
clsion  -  made 
WASHERS  and 
STAMPINGS 
manufactufed  to 
y®”**  specifications 

for  Binding  Screws 

WHITEHEAD  STAMPING  CO. 

1691  W.  Lafayette  Blvd.  Detroit  16,  Michigan 


Radex  Corporation 


in  future  peace-time 
production,  Radex  will 
uphold  its  war-won  re¬ 
putation  by  the  scope 
and  caliber  of  its  ser¬ 
vice  to  the  radio  and 
electrical  industries. 


I  53  W.  iockson  Mvd.,  Ckkoge  4,  III. 

\ _ 
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Luminous  Tube  Lighting 

By  Henry  A.  Miia.er.  George  Newnes 
Ltd.  Tower  House,  Southampton 
Street,  Strand,  London,  W.C.2.  1^3 

pages.  Price  10/6. 

Beginning  with  a  brief 


resume 

of  the  elementary  experiments  in 
which  were  observed  the  several 
forms  of  discharge  between  metal¬ 
lic  electrodes  sealed  into  glass  con¬ 
tainers  when  connected  to  a  source 
of  current,  the  author  explains  the 
actions  of  excitation  ionization,  and 
radiation  in  the  discharge  tube,  the 
theoretical  considerations  related  to 
the  initiation  of  the  discharge,  the 
mechanism  of  the  positive  column, 
and  the  optical  factors. 

In  the  chapters  dealing  with  low- 
pressure  tubes  and  higher-pressure 
tubes,  the  subjects  treated  are : 
Neon  tubes,  neon  test  tubes,  dis¬ 
charge  tube  stroboscope,  sodium 
discharge  lamps,  ultraviolet  lamps, 
mercury-arc  violet  lamps,  medium- 
pressure  hot-cathode  tube,  high- 
pressure  hot-cathode  tube,  and  the 
Sieray-Dual  lamp. 

The  construction  and  character¬ 
istics  of  the  fluorescent  lamp  are 
closely  examined  under  headings 
that  include :  principle  of  operation, 
auxiliary  apparatus,  replaceable 
starters,  ballasts,  supply  voltage, 
sensitivity  of  fluorescent  powder, 
and  radiant  heating  effects. 

In  the  chapter  on  neon  signs 
again  there  is  much  useful  informa¬ 
tion.  Here  the  author  describes 
and  discusses  step-up  transformers, 
avoidance  of  over-loading,  current 
outputs,  required  voltage,  power 
factor  correction,  rotary  convert¬ 
ers,  inverters,  “Uneon”  system, 
Tesla  coils,  maintenance  of  neon 
signs,  animating  neon  signs,  photo¬ 
electric  control,  and  data  for  instal¬ 
lations. — J.K. 


. . .  with  low  cost  H-B 
Mercury  Plunger  Relays 


•  Nothing  would  please  us  more  than  an  opportunity  to  prove 
that  an  H-B  Mercury-Plunger  Relay  can  handle  any  of  your 
timing,  load  or  control  problems  better  than  they've  ever  been 
handled  before  and  at  a  surprisingly  low  cost. 

H-B  Mercury-Plunger  Relays  are  long-lived,  accurate  and 
dependable  because  arcing  is  glass-enclosed  and  they  are 
not  affected  by  dust,  dirt  or  corrosion.  That  is  why  these  relays 
have  been  winning  favor  for  7  years  with  engineers  through¬ 
out  the  country.  They  are  available  for  a-c  up  to  440  volts  and 
for  d-c  up  to  250  volts  with  contact  capacities  as  high  as  30 
amperes.  Write  tcxlay,  outlining  your  problems  or  needs.  H-B 
Instrument  Company,  2524  No.  Broad  St.,  Philadelphia  32,  Pa. 


THERMOMETERS  •  THERMOSTATS  •  RELAYS 
THERMO-REGULATORS  •  HYDROMETERS 


•  e  e  MmEKIVM  9  MIPIW 

}  /  The  same  precision  workmcinship  and  the  same 

fine  quality  mark  Ward  Antennas  now  as  before  the  war 
But  now  there  are  added  reasons  of  new  design  and  newly- 
engineered  efficiency  which  will  give  Ward  Antennas  an  even 
greater  margin  of  preference  with  America's  auto  dealers.  For 
extra  profits  that  satisfied  customers  always  bring,  order 
Ward— world's  finest  anteimas  for  car  and  home. 


Principles  of  Industrial 

Process  Control 

By  Donald  P.  Eckman,  John  Wiley  & 
Sons,  Inc.,  New  York,  N.  Y.,  $3.50. 

The  theory  developed  in  this  book 
is  based  entirely  on  the  principles 
of  regular  oscillations.  Applied  to 
problems  of  temperature,  level,  or 
other  controls  in  process  plants,  this 
can  only  be  approximate. 

Let  us  consider,  for  instance,  the 
conditions  controlling  the  function 


Buy  Victory  Bonds 

THE  WARD  PRODUCTS 
CORPORATION 

1S23  E.  45Hi  SI..  CUvvIond  3 
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PERFECT  CONTROL 

Timing  control  for  Power  machinery . . .  Motors . . .  Generators . . .  Radio 
and  Electronic  Circuits . . .  Industrial  process  timing . . .  Radio  tube  pre¬ 
heating ...  Signalling  circuits ...  etc.  Time  delay  adjustable— a  fraction 
of  a  second  to  several  minutes.  Information  and  literature  on  request. 
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of  a  pH  regulator  which  simply 
proportions  two  streams  in  such  a 
fashion  that  the  acidity  or  alkalin- 
ity  in  a  tank  is  kept  constant.  Xo 
submit  such  a  process  to  the  treat¬ 
ment  developed  in  this  book  would 
be  quite  far  fetched.  There  are  many 
other  control  problems  into  which  an 
energy  balance  does  not  enter  and 
others  where  energy  balance  is  an 
accessory  effect. 

The  value  of  this  book  would  have 
been  considerably  enhanced  if  some 
detailed  example  application  of  this 
theory  to  a  particular  case  had  been 
given,  including  a  comparison  of  the 
figures  theoretically  arrived  at  and 
the  results  observed. 

As  it  is,  one  almost  wonders  how 
much  of  this  mathematical  treat¬ 
ment  can  be  of  genuine  assistance 
in  the  solution  of  actual  industrial 
control  problems  and  how  much 
should  be  considered  purely  mental 
gymnastics. — PAUL  G.”  weiller 


Electro-Pneumatic  TIME  DELAY  RELAY 
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AMERICAN  GAS  ACCUMULATOR  COMPANY 


Ar  X  aSO.450  VOLTS 

f"\  Wide  fields  of  application  have  been  opened  up  both  in 
^  \  research  and  industry  for  this  imit.  A-C  ripple  is  n^Hgible 

and  extreme  care  has  been  taken  to  eliminate  high-fre¬ 
quency  noise.  Regulated  power  supply  units  are  invaluable  for 
such  applications  as  amplifiers,  television  pulse  generators, 
constant  frequency  oscillators,  and  measuring  equipment. 

Other  G-E  regulated  power-supplies  are  available  in  the  follow¬ 
ing  ranges:  1 80-300  voHs  14G- 1500  volts  Dual  Rogulotod 

Write  today:  Electronics  Department,  Specialty  Division,* 
General  Elertric,  Syracuse,  N.  Y. 


Principles  of  Radio  for 
Operators 

By  Ralph  Atherton,  Assistant  Pro¬ 
fessor  of  Mathematics,  Miami  Univer¬ 
sity.  The  Macmillan  Company,  New 
York,  1945,  345  pages,  $3.75. 

This  book  is  an  excellent  text  for 
the  beginner  who  desires  a  good 
working  knowledge  of  the  funda¬ 
mentals  underlying  radio  communi¬ 
cation  without  an  extensive  mathe¬ 
matical  treatment.  It  is  well  illus¬ 
trated  and  written  in  a  simple, 
straightforward  style  adaptable  to 
either  classroom  or  self  instruction. 
An  outstanding  feature  of  the  book 
is  the  list  of  sound  motion  picture 
and  slide  films  currently  available 
for  group  instruction. 

A  concise  statement  of  the  more 
important  facts  to  be  discussed  ap¬ 
pears  at  the  beginning  of  each  chap¬ 
ter,  and  appropriate  subtitles  are 
generously  used  throughout  the  text. 
Wherever  practicable,  photographs 
and  good  line  drawings  of  actual 
radio  parts  and  assemblies  are  used 
to  supplement  the  many  basic  cir¬ 
cuit  diagrams.  Test  questions  and 
practical  experiments  are  given  at 
the  end  of  each  chapter. 

The  first  part  of  the  book  is  de¬ 
voted  to  such  basic  subjects  as  the 
nature  of  electric  currents,  batteries, 
simple  circuits  and  the  properties  of 
electrical  resistance,  inductance  and 
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ments. 
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DESIGN  AND  DEVELOPMENT  OF  GLASS  WORKING 
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Manufacturing  of 
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Practical  xceLite  Advantages 

Attaches  instantly  and  rigidly  holds  any  screw — even  those 
without  a  head.  (Fig.  4).  Three  point  suspension  does  the 
trick.  Removes  screws  in  hard  to  get  at 
B  4  places,  as  the  runner  is  not  controlled  by , 

a  coil  spring  but  will  remain  in  posi¬ 
tion  below  the  screwdriver  tip  (Fig.  1) 
j  without  having  to  be  held  there.  These 

"fT  I  runners  also  act  as  a  guard  preventing 

1  IL  torn  pockets.  The  device  stays  put.  Slide 

1  (r  1  it  up  the  shaft  and  use  as  an  ordinary 

J  ..  W  J  screwdriver.  (Fig.  2)  For  complete  details, 

111  il  I  regular  dealer  or  write  Dept.  C. 

I  I  Park  Metalware  Company,  Inc. 

Orchord  Park,  N.  Y. 
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BATTERY  ELIMINATORS 


FOR  CONVERTING  A.C.  TO  D.C. 


D««igii«d  for  testing  D.C.  electrical  ap- 
poratus  on  regular  A.C.  lines.  Equipp^ 
with  full-ware  dry  disc  type  rectifier, 
assuring  noiseless,  interference-free  opera¬ 
tion  and  extreme  long  life  and  reliability, 
e  Eliminates  Storage  Batteries  and  Bat¬ 
tery  Chargers. 

*  Operates  the  Equipment  at  Maximum 
Efficiency  at  All  Times. 

•  Fully  Automatic  and  Fool-ProoL 


FOR  INVERTING  D.C.  TO  A.C. 


For  operating  small  A.C.  motors,  electrir 
roxors.  and  a  host  of  other  small  A.C.  de¬ 
rices  from  D.C.  roltage  sources. 


FOR  INVERTING  D.C.  TO  A.C. 
Specially  designed  for  operating  A.C. 
radios,  telerision  sets,  amplifiers,  address 
systems,  and  radio  test  eqtiipment  from 
D.C.  roltoges  la  rehicles,  ships,  trains, 
planes,  and  in  D.C.  districts. 

WRIT!  FOR  LATEST  ATR  CATALOG 
Jest  ell  Mm  pressi 


[AMERICAN  TELEVISION  &  RADIO  CO. 

^  Quality  Pfoductt  Since  1931  V 

PAUL  1,  MINN.  U.  S. 


capacitance.  The  application  of 
these  fundamentals  to  radio  is 
pointed  out  as  they  are  introduced. 
The  remainder  of  the  book  deals  di¬ 
rectly  with  vacuum  tubes,  power 
supplies,  receivers,  transmitters,  and 
antennas. 

The  book  was  intended  to  serve 
as  a  training  manual  and  handbook 
for  operators,  maintenance  men,  and 
those  interested  in  the  construction 
of  sending,  receiving  and  test  equip¬ 
ment,  but  falls  short  of  this  goal. 
The  value  of  the  book  to  an  operator 
preparing  for  a  higher  grade  of  li¬ 
cense,  or  the  beginner  trying  for  an 
amateur  operators’  permit  would  be 
increased  tremendously  if  the  test 
questions  at  the  close  of  each  chap¬ 
ter  had  been  selected  from  the  vari¬ 
ous  Study  Guides  of  the  FCC.  Even 
so,  some  persons  might  require  a 
more  extensive  treatment  of  the  sub¬ 
ject. 

The  section  on  trouble  shooting, 
consisting  of  four  pages  most  of 
which  are  given  over  to  diagrams 
of  elementary  test  equipment,  is 
quite  inadequate.  Layout  plans  and 
assembly  details  which  would  be  of 
value  to  anyone  desiring  to  build 
radio  equipment  are  not  given.  The 
appendix  of  the  book  does,  however, 
include  a  section  devoted  to  safety 
suggestions,  artificial  respiration, 
emergency  treatment  of  burns  and 
the  standard  RMA  color  codes  for 
resistors,  capacitors,  and  trans¬ 
formers,  and  a  table  of  receiving  and 
transmitting  vacuum-tube  charac¬ 
teristics  with  socket  connections. — 
RAYMOND  SCHAAF 

•  •  • 

Electronics  Laboratory 
Manual 

By  Ralph  R.  Wright,  Virginia  Poly¬ 
technic  Institute.  McGraw-Hill  Book 
Co.,  Inc.,  New  York,  N.  Y.,  19U5,  77 
pages,  $1.00. 

This  is  a  laboratory  textbook  for 
engineering  students  who  are  tak¬ 
ing  their  first  course  in  electronics. 
There  are  12  basic  experiments  to 
acquaint  the  student  with  the  char¬ 
acteristics,  principles  of  operation, 
and  applications  of  electron  tubes. 
These  experiments  include  static 
characteristics  of  diodes,  triodes, 
tetrodes,  pentodes  and  beam  power 
tubes;  gas  diodes  and  triodes  and 
their  applications;  power  supply 
systems,  audio-frequency  voltage 
and  power  amplifiers;  cathode-ray 


Series  4  design  characteristics  are 
compactness  (1  5/8"  x  1  3/8"  x 
1  5/32"),  speed  2  -  -  3  milliseconds, 
medium  sensitivity  (10  milliwatts 
minimum  -  -  30  to  50  milliwatts 
for  aircraft  performance)  and  pre¬ 
cision.  Moderately  low  cost. 


Series  5  relays  are  1  3/4"  x  1  3/8" 
X  1  7/16",  extremely  sensitive 
(.0005  watts  minimum  -  operation 
on  input  from  thermocouple)— 
maximum  resistance  to  shock  and 
vibration  —  precise  in  operation. 

Both  Series  available  with  en¬ 
closures  and  plug-in  bases,  and  in 
hermetically  sealed  enclosure. 


Other  Sigma  relays  in  produc¬ 
tion,  and  still  others  under  de¬ 
velopment,  include  both  more 
specialized  and  complicated 
types,  as  well  as  simpler  and 
more  economical  designs  for 
both  A.  C.  and  D.  C.  operation. 


Our  Sales  and  En- 
"“gineering  Depart- 
'  ments  are  at 
your  service. 
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Qgcillograph  and  phototubes. 

The  experiments  are  weU  ar¬ 
ranged,  with  sufficient  theory  and 
diagrams  to  prepare  the  student  for 
the  observations  and  conclusions. 
There  is  a  very  complete  list  of 
references  at  the  end  of  each  ex¬ 
periment,  which  are  useful  in  any 
discussion  generally  included  in  the 
laboratory  report. 

The  author  has  omitted  any  ex¬ 
periment  on  radio-frequency  power 
amplifiers  or  oscillators,  possibly 
because  they  are  often  included  in 
second  semester  courses  on  elec¬ 
tronics. 

In  discussing  types  of  cathode- 
ray  tubes  at  the  beginning  of  Ex¬ 
periment  Seven,  there  is  no  men¬ 
tion  of  the  combination  of  electro¬ 
static  focussing  and  magnetic  de¬ 
flection,  and  the  student  draws  the 
conclusion  that  cathode-ray  tubes 
are  either  electrostatic  in  both  fo¬ 
cussing  and  deflection,  or  electro¬ 
magnetic  in  both  functions.  The 
third  combination  is  very  basic,  its 
most  common  application  being  in 
television  equipment. 

There  are  two  comments  to  be 
made  about  the  experiment  on 
phototubes  and  photocells.  While 
the  theory  of  the  barrier  type  cell 
is  briefly  discussed  it  is  not  included 
in  the  experiment.  Although  the 
copper-oxide  type  of  cell  is  no 
longer  used,  the  iron-selenium  cell 
is  found  in  many  applications.  In 
taking  observations  on  this  type  of 
cell  and  then  plotting  results  first 
as  current-vs-light  and  then  as 
volts-vs-light,  the  student  readily 
sees  that  this  cell  is  high  in  cur¬ 
rent  output  compared  to  the  vacuum 
and  gas  phototube,  making  it  desir¬ 
able  for  current-operated  devices, 
but  very  poor  in  voltage  output, 
making  it  undesirable  for  voltage- 
operated  devices  such  as  the  usual 
vacuum  or  gas  amplifier  or  relay 
tube  which  usually  follows  the 
phototube. 

The  other  point  which  would  be 
debatable  is  the  use  of  protective 
resistors  one  megohm  or  greater  in 
series  with  gas  and  vacuum  photo¬ 
tubes  for  the  measurement  of  static 
characteristics,  because  this  prac¬ 
tice  makes  some  change  in  the  shape 
of  the  curves.  The  vacuum  photo¬ 
tube  would  not  need  protection 
against  high  current  with  maxi¬ 
mum  light  values  of  0.5  lumen  and 
in  the  case  of  the  gas  tube  some 
care  will  have  to  be  shown  by  the 
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These  sub*miniature 
electrometer  tubes 
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ideally  suitable  for  the 
measurement  of  small 
ionization  currents, 
photoelectric  currents 
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plications  especially 
where  input  resist* 
ances  may  be  of  the 
order  of  10'^  ohms  or 
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experimenter  that  light  and  voltage 
values  do  not  allow  visible  ioniza¬ 
tion. 

A  technique  that  could  have  been 
included  in  the  phototube  measure¬ 
ments  is  the  use  of  a  standard  d-c 
vacuum-tube  voltmeter  to  measure 
the  drop  across  about  100,000  ohms 
to  obtain  current  values,  since  the 
low-reading  microammeters  re¬ 
quired  may  not  always  be  available. 

The  manual  fills  a  distinct  need 
either  for  those  institutions  that 
are  just  adding  an  electronics 
course  to  their  engineering  curric¬ 
ulum,  or  to  replace  the  mimeo¬ 
graphed  copies  of  experiments  used 
in  present  courses.  —  HOLLIS  S. 
BAIRD. 


Radio  Sound  Effects 

By  Joseph  Cramer,  Director  of  Promo¬ 
tion  and  Research,  and  William  B. 
Hoffman,  Sound  Effects  Dept.,  Radio 
Station  WOR.  Ziff-Davis  Publishing 
Co.,  New  York,  N.  Y.,  1945,  71  pages, 
$1.50. 

Two  EXPERTS  in  the  field  of  com 
mercial  radio  broadcasting  describe 
how  the  technique  of  making  sounds 
can  be  so  timed  as  to  create  an  illu¬ 
sion  of  reality  in  the  listener's  mind 
Not  a  text,  but  a  syllabus  of  study 
for  broadcasters,  sound  technicians 
and  students  of  radio  drama,  the 
volume  makes  no  pretense  of  teach 
ing  its  reader  in  one  easy  lesson 
The  casual  reader  is  brought  up 
smartly  at  the  end  of  each  chapter 
by  a  list  of  assignments  which  point 
up  the  important  ideas. 

The  techniques  of  sound  making 
are  broken  down  into  Mechanics  of 
Sound  Effects;  Manual,  Recorded 
(special  emphasis  on  use  of  the 
turntable),  Trick,  and  Supplemen¬ 
tary  Sound  Effects;  the  whole  in¬ 
troduced  and  interlarded  with  prac¬ 
tical  talk  about  the  psychology  of 
the  subject.  The  book  ends  with  a 
glossary  of  studio  terminology  and 
a  soundsman’s  book  of  etiquette. 

Steering  a  broad  middle  course 
between  the  esoteric  trade  talk  of 
the  technician  and  the  jargon  of  the 
production  man,  the  authors  still 
make  their  audience  aware  of  the 
difference  between  an  eight  ball  and 
a  fluff  and  why  a  director  touches 
his  nose. — A.  A.  McK. 
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^  2V^  TO  5  MIUlWATT  OPIRATION 
^  15%  TO  15%  DIPPIRINTIAL 
COVIRt  Moulded  Plastic,  Cellulose 
Acetate,  Clear,  Tough  Single  Screw 
Attachment  •  No  dust  or  din  on 
conucts  •  No  accidental  opera¬ 
tion  •  No  short  circuits  •  Instant 
visual  inspection  •  Low  mainte¬ 
nance  of  contact  adjustment 
•A5lt  Moulded  black  BARELITE  • 
Good  mechanical  stren^h  •  High 
dielectric  strength  and  insulation 
•  Negligible  water  absorption  • 
Compactness  and  fine  appearance 
OKRATINO  POWIRi  5  Milliwatts  for 
positive  operation  •  iVi  Milli- 
wans  with  careful  adjustment  and 
light  contact  loads 
MAONniC  CIRCUIT!  Armature  and 
pole  of  Nickel-Iron  alloy.  Hydro¬ 
gen  annealed  for  high  permeabil¬ 
ity  and  low  retentivity  •  High 
overall  sensitivity  •  Small  make- 
break  coil  current  differential— 

(  25%  to  1 5%  less  current  to  break 
than  to  make) 

ARMATURIt  Counterbalanced  •  Pre¬ 
vents  action  of  relay  due  to  mod¬ 
erate  vibration  •  Allows  opera¬ 
tion  in  any  position 
MNSITIVITY  ADJUSTMINTt  Vernier 
screw  for  coil  spring  tension  on 
armature  •  Accuracy  •  Permanent 
sening,  easily  changed 
CONTACTS:  Pure  Silver  (palladium, 
platinum  or  other  specified  ma¬ 
terials  at  extra  cost)  •  Single  pole, 
double  throw  •  1  ampere  on  110 
volt  A.C.,  non-inductive  load  • 
Screwdriver  adjustment 
COILt  Standard  resistance  from  1 
ohm  to  10,000  ohms,  up  to  30,000 
ohms  at  small  extra  cost  •  Cellu¬ 
lose  acetate  insulation  •  Varnish 
vacuum  impregnation 
TIRMINALSt  Solder  lugs  and  screws, 
recessed  on  bottom  of  base,  ac¬ 
cessible  through  panel  or  through 
knockouts  on  side  of  base 
MOUNTING  I  Surface  mounting,  any 
position,  fastens  with  two  No.  6 
screws 

SIZIt  2'  X  2-9/16'"  X  I'A"  high 
WnOHTt  6>4  ounces 
PRICIt  Moderate 

Write  for  quotations  and  catalogs 
on  the  Advance  Type  1200  Ultra 
Sensitive  D.  C.  Relay  and  other 
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Phone  Michigan  9331 
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Professional  Services 

Consulting  —  Patents  —  Design  —  Development  —  Measurements 


Radio,  Audio,  Industrial  Elearonic  Applications 


ASSOCIATED  ELECTRONICS 

INDaSTRIAL  BNOtSBBR- 

COMrAIN  T  ij/a  sPBCiAUvra 

AigliiMriiig  Reaearch  A  Derelopment 

Product  D««Hn  ?f"*^,** 

8alM  Brochum  Tcohnlcal 

niild  Surrera  Laboratory  Analyils 

Cm^  Bngimem^  Seijica  ^or  AU  In4mttrie$ 
ISS  Naaaau  Street,  New  York  7,  N.  T. 


MICHAEL  BOZOIAN 

Consulting  Service  In  Electronics 

Initrumairfatlon  A  Control*  D«*lgn— Oovolop- 
mant ->  Modal*  Utarahira  A  Patent  Survey 
Recomntendatlon*  For  New  Leboratorla*. 
Telephone  8S2I 

702  Fifth  Street  Ann  Arbor,  M.cfc. 


COOPER  &  FLEMING 

ConmUtimff  Bleetronie  Bnoimeert. 

AM  A  FM  BroadcaAing. 

Industrial  A  Medical  Electronloa 
430  Maricet  St.  Sutter  8854  San  Frandsoo,  Calif. 


E.  STUART  DAVIS 

Consulting  Engineer 
Reseorch—Destim— Development 
Badio  •  Carriw  Current  -  Superaonlcs  •  Badlant 
Energy  •  Control  and  Measurement  •  Methods  and 
Devices,  Communication  -  Transportation  A  In¬ 
dustrial  applications. 

Marine  Laboratory  faeilltios  aboard 
the  yaeht  “ELECTRON" 

422  N.  E.  River  Drive  Ft.  Lauderdale,  Florida 


The  Real  Value  oj  placing 

your  unusual  problem  in  the  hands 
of  a  competent  consultant  eliminates 
the  elements  oj  chance  and  uncer¬ 
tainty  from  the  problem  and  pro¬ 
vides  real  facts  upon  which  to  base 
decisions. 


ELM  LABORATORIES 

Rntearek  and  Dss4pn 

RADIO  TRANSMITTERS  AND  RDCEIVEBS 
Designs  for  Home  Radios,  Electro-Mechanical 
Devices  and  Components. 

20  South  Broadway  Dobbs  Ferry.  New  York 

Phone— Dobbs  Ferry  4058 


HODGSON  &  ASSOCIATES 

Phyalca,  Mathematics,  Research.  Develop¬ 
ment  A  Patent  Consultants. 

Satisfaction  guaranteed.  Submit  your  problem 
for  a  preliminary  survey  without  oosL 

Sherman  Oaks,  California 


j.  L  A.  McLaughlin 

Designer  of 

Communications  Receivers 
Specialising  in  the  elimination  of  heterodyne 
Interference. 

P.  O.  Box  529,  La  Jolla,  Calif. 


NATIONAL  DESIGN  SERVICE 

Designers  and  Developers  of 
FACTORY  TEST  EQUIPMENT 
TELEVISION  R.F.  SWEEP  GENERATORS 
F.M.  SIGNAL  GENERATORS 
COMPLETE  CENTRALIZED  MODULATED 
SYSTEMS 

96  Liberty  SL  New  York  6.  N.  Y. 


ALBERT  PREISMAN 

Consulting  Engineer 

Specializing  in  Television  and  Pulse 
Techniques.  Video  Amplitiers, 

Industrial  Applications. 

616  St.  Andrews  Lane,  Silver  Spring.  Md. 


STANLEY  D.  EILENBERGER 

Consulting  Engineer 
INDUSTRIAL.  EL.BCTRONICS 
Desian — Development— Models 
Complete  Laboratory  and  Shop  Facilities 
6S09-IS— S7th  Ave. 

Kenosha.  Wls.  Telephone  2-4818 


F.  T.  FISHER'S  SONS 

LIMITED 

Consulting  Engineers 
Iroadcast  Transmlttan,  Antenna  Sy*tam*, 
Studio  Equipmant,  Mobil#  and  Rxad  Com¬ 
munication  by*tamt. 

1425  Dorchester  St.  West.  Montreal 


JOSEPH  RAZEK,  Ph.D. 

Consulting  Physicist 

Electrical  and  Mechanical  Engineering  Problems 
Instruments  and  Control  Devioea  Electronics 
Specialists  In  Colorimetry.  Spectophotometry  and 
Industrial  Color  Control 
Laboratory  and  Shop  Facilities 
202  Darby  Road  Llanereh,  Pa. 

Phone  Hilltop  6910 


ELECTRONIC  ENGINEERS 

Designers  and  Consultants 
Radio  and  Eleotronlo  Product  Design 
Radio  Equipment  to  Order 
Industrial  Eleetronio  Devioea  to  Order 
Broadcast  Station  Ailocation 
Complsts  AecMrefc  ssd  ConrUttetional  FaeilUita 
e..  m  Phon#  CItru*  1-6884 

611  E.  Garflald  Ava.  Glandala  5.  California 


PAUL  E.  GERST  &  CO. 

CONSULTING  ENGINEERS 
Specialists  In 

Electrical  Prodnet  Design 
El.  Machinery,  Apparatus  ft  Applications 
EL  Appllanoea.  Hi -Frequency  Apparatus 
Electronlos,  Badio  Commimlcation 
205  W.  Wacker  Dr.  Chicago  6.  HL 


G.  W.  RHEIN 


Engineering  Consultant 
Radio  Communication  Electronics 

Complete  Development  and  design  for 
manufacture  with  engineering  models. 

St.  Paris  Pike  Springfield.  Ohio 


ELECTRONIC  RESEARCH 
ASSOCIATES 

ERA  will  apply  progrstslvs,  war-provsn  ds- 
yalopmant*  In  aleictronic  rasaarch  .  ,  .  counf* 
•fig  . . .  timing  . . .  moasuring  . . .  Industrial  eos- 
•  to  your  manufacturing  advantaga. 
Bom  333,  305  LIndan  Av.,  So.  San  Francisco,  Cal. 


SEYMOUR  C.  HYMAN.  Chsm.  Eng. 
Consultant  for  Industry  on 
MOISTURE  AND  FUNGUS  PROBLEMS 
For  tha  duration  of  the  war.  Chief  of  Moisture 
and  Fungus  Proofing  Section  developing  and  apply¬ 
ing  troplo-proof  materials  for  U.  8.  Army  com¬ 
munications  equipment.  Now  available  to  manu-, 
facturm  and  materials  suppliers  for  consultation 
on  protective  coatings,  insulation  and  choice  of 
materials. 

Ill  Long  Branch.  N.  J. 


mm 


PAUL  D.  zonu 

Consulting  Engineer 

INDUSTRIAL  ELECTRONICS 
High  Frequency  Dielectric  and  Induction  Heating 
Applications,  ^uipment  Selection.  Equipment  and 
Component  Design,  Develomnent,  Models. 

314  Washington  St.,  Newton.  Mass. 

BIO-9240 


At  your  service  .  .  . 

The  Searchlight  Section  brings  business  needs  and  “opportunltlea”  to  the 
attention  of  men  associated  In  executive,  management,  sales  and  responsible 
technical,  engineering  and  operating  capacitlea  with  the  industries  served  by  « 
these  McGraw-HUl  publications.  USE  IT. 

Departmental  Staff,  McGraw-Hill  Publishing  Co.,  New  York 


American  Machinist 
Aviation 
'  Business  Week 
Bus  Transportation 
Chem.  ft  Met.  Eng. 
Coal  Age 

Construction  Methods 
Electrical  Contracting 
Electrical  Mercb. 
Electrical  World 


Electronloa 

Engineering  ft  Mining  Jour. 
Engineering  News-Record 
E.  ft  M.  J.  MarkeU 
Factory  Mgt.  ft  Maintenance 
Food  Indoatrles 
Power 

Product  Engineering 
TextUe  World 
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FLEXIBLE  SHAFTING 


FOR  REMOTE  CONTROL  AND  POWER  TRANSMISSION 


Outstanding  features  of  P  &  B  Power 
Relays  guarantee  maximum  efficients  . 


1  Mftal  parts  arc-  heavily  plated  for  re 
sistanre  to  corrosion. 

J.  All  insulation  is  mouhfV-d  or  laininntcd. 

3  Coils  arc  -Aound  on  ^nsulatln^;  hobhins. 
and  are  carefully  irnprej;nat ed  Coils  on 
lUlV  AC.  .’JOV  AC  and  11 OV  DC  are 
r>aper  section  wound 

4  ScreA  terminals  for  all  connections. 

5.  Full  float  inn  contact  c.urier  is  positiveU 
locked  in  place  and  pcrm  ts  heavy  con 
•act  pressure  without  chatter. 


POTTER  &  BRUMFIELD 
POWER  relays 

An  absolutely  dependable  and  dur 
able  relay  for  power  circ4iits.  Motor 
starting  up  to  1  HP.  heater  loads 
up  to  20  amperes  and  like  type  of 
applications. 


Full  ran^e  of  Coil  voltages — write  for 
catalog;  Rivinj;  full  specifications  on 
Power  and  other  types  of  Relavs. 


WALKER-TURNER 

FLEXIBLE  SHAFTING 

—designed  for  long  lif 


Backtalk 


This  department  is  oper¬ 
ated  as  an  open  forinn 
where  our  readers  muv 
discuss  problems  of  the 
electronics  industry  or 
comment  upon  articles 

which  ELECTRONKIS 
has  published. 


#  In  design,  selection  of  nnaterials  and  construction, 
the  primary  objective  of  Walker-Turner  Flexible  Shaft¬ 
ing  is  long  and  trouble-free  service.  The  photograph 
illustrates  an  important  W-T  development  in  this  direc¬ 
tion— our  special  phosphor  bronze  bearing  liner.  This 
bearing  liner  fits  over  the  flexible  shaft,  minimizing 
vibration,  distributing  lubrication  and  keeping  shaft 
cool  while  operating  at  high  speeds. 


Camera  Focusing  By  Radar? 
Dear  Mr.  Henney: 

Although  present  day  radar  meas¬ 
ures  distances  in  terms  of  thousands 
of  yards,  future  developments  in  the 
art  may  make  it  possible  to  measure 
distances  in  terms  of  feet.  The  use  of 
radar,  or  its  principle,  in  the  auto¬ 
matic  control  of  optical  focusing  sys¬ 
tems  could  ease  considerably  the 
strain  of  constant  attention  to  focus¬ 
ing,  which  is  the  lot  of  most  camera¬ 
men. 

One  difficulty  in  such  an  arrange¬ 
ment  might  be  that,  if  the  radar  fo¬ 
cusing  beam  should  inadvertently 
wander  off  the  principal  subject,  such 
as  an  actor,  and  strike  a  background 
fifteen  feet  away,  the  cameraman 
might  be  embarrassed  to  find  his  sub¬ 
ject  completely  out  of  focus  in  a  split 
second. 

Perhaps  an  adjustable  time-delay 
circuit  could  be  incorporated  to  per¬ 
mit  such  accidental  misdirection  of 
the  electronic  focusing  beam  to  oc¬ 
cur,  for  a  brief  moment,  without  put¬ 
ting  the  optical  system  out  of  focus. 
Thus  time  would  be  allowed  to  re- 
frame  the  subject  without  defocus- 
ing. 

Also,  the  change-of-focus  mechan¬ 
ism  could  be  designed  with  a  suitable 
lag  to  accommodate  shifts  to  various 
focal  planes  at  normal  rates  of 
change. 

W.  S.  Stewart 

Lo*  Angelen,  Cali]. 


WALKER-TURNER  COMPANY.  INC 

PLAINFIELD,  NEW  JERSEY 


More  on  Hartley  Law 

Dear  Mr.  Henney: 

I  HAVE  NOTED  Mr.  Unger’s*  comments 
in  “Backtalk”  of  the  December  issue 
of  Electronics. 

Mr.  Unger  has  made  no  effort  to 
obtain  full  data  on  this  subject  be¬ 
fore  making  his  comments  and  is 


itCiAF  MFC.  CO.,  INC^^ 
10TH  STREET,  PRINCETON,  IND. 
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TS 


MORE  RF  KILOWATT  HOURS 
PER  DOLLAR  WITH 

F  &  O 

TRANSMITTING  TUBES 

inquiries  Invited — Let  us  explain  how 
Savings  are  effected  and  the  F  &  O 
greater  guarantee. 

FREELAND  &  OLSCHNER  PRODUCTS  Inc. 

61 1  laronn*  S#.,  M»w  Orleans  13,  La. 
Haymeed  4756 

High  Power  Tube  Specialists  Exclusively 
(5  KW  to  100  KW) 


MICROMETER 

FREQUENCY 

METER 


lor 
ebeelilng 
Transmitter* 
from  I.S  to  SI  me., 
within  0.01  per  eenl 


LAMPKIN  LABORATORIES 

iredeetoo,  Pta.i  U.  S.  A. 


MINIATURE^ 

PIECItlOl  ULL  lEAllIRt 

iweeiM  SMAunr  SAIL  ecAaiHSi 

for  predeloe  Imtrwmewta,  1^ ' 
erotery  egeleme*it,  electreni* 
devkea,  to  minimize  frktioii, 
space,  welflit}  everceme 


1/r  lo  VIC”  a  0. 

PI«W  Swim  IC  Sisett 


f 

'  I  ^  V- 

MINIAIURty^f*'. 


ision  BEARINGS 


KEFNfe.  N  F  WV  MAMPSMIftE,  U  S  A 


HETERODYNE 

ELIMINATORS 

If  you  are  troahled  by 
beterodyao  latorferonoe 
eonsult 

J.  L  A.  McLanghllii 

f.  O.  Box  529.  La  Jolla,  CalH. 


A  Good  Habit 

This  **Where  to  Buy**  Sec¬ 
tion  supplements  other  ad¬ 
vertising  in  this  magazine.  . 

a  good  hiAit  to  check 
this  page — every  issue. 


Strip  Insulated  Wires 

OUlCKBR...  BCTTBR 


AUTOMATIC  WIRE  STRIRRIR 
•  ••fpaadle  Rreductlaii 

Strips  Insulation  from  all  types  of 
wire  —  instantly,  easily,  perfectly. 

Just  press  the  handles  and  the  job 
it  done.  Cuts  wire  too.  Strips  800 
to  1000  wires  per  hour.  Available 
for  all  size  solid  or  stranded  wires 
—No.  8  to  No.  30.  Ust  Price  $6.00. 
Writa  Dept,  C  for  FaH  farflcoiara 


GENERAL  CEMENT  Mfc  c 

RockforcJ,  Illinois,  U.S.A. 


FINE  RIRBONS 
OF 

TUNGSTEN  and  MOLYBDENUM 

Quality  and  accuracy  in  our  fabrica¬ 
tion  of  Tungaten  6  Molybdenum  Rib¬ 
bons  have  characterized  our  service 
to  the  Electronic  industry. 

A  development  of 


/ 


H.  CROSS  Co. 

15  BeekmanSt.,  NewYorfc7,N.Y. 


y 


We  manufacture  a  complete  line  of  equ.pment 


:1 


SPOT  WELDERS,  electric  from  U  to  50  KVA 
TRANSFOKMEKS,  special  and  standard  types 
INCANDESCENT  LAMP  manufacturing  equipment 
FLUOUESCENT  TUBE  MAKING  EQUIPMENT 
ELECTRONIC  EQUIPMENT,  vacuum  pumps,  etc. 


AC  ABC 
WELDEBS 
from  100  to 
400  Amps 


WET  GLASS  SLICING  and  cutting  machines  for  Iab)ratory  use 
GENERAL  GLASS  working  machines  and  burners 
COLLEGE  GLASS  working  units  for  students  and  laboratory 
EISLER  ENGINEERING  CO. 

731  So.  13th  St.  (near  Avon  Ave).  Newark,  New  Jersey 


11 


Electron  Tube  Machinery 

of  every  type.  —  standard,  and  special  design 

Spacialiita  in  Equipment  for  the  manufac¬ 
ture  of  Radio  Tubes,  Cathode  Ray  Tubes, 
Fluorescent  Lamps,  Incandescent  Lamps, 
Neon  Tubes,  Photo  Cells,  X-ray  Tubes 
and  other  glass  or  electronic  products,  on 
production  or  laboratory  basis. 


Burned  Out  or  Broken  Electric 
Heating  Elements 

R3|HH|fe  repaired  with  NICHRO-  ^p^4ffv 
I  t  CITE  PASTE.  Simply 

I  1  J  overlap  ends,  apply  paste, 

I  turn  on  current.  Used  by  utility  com- 

R  ^00^  panies,  etc.  Family  size.  $1.00,  4  oz. 

'  size  $2.50.  Satisfaction  guaranteed. 
Armstrong  Mfg.  Co.,  Box  861 Q  Minneapolis,  Minn. 


FREE 


EnLinEERinc  Eomppnv 


1307-1309  Sevenfh  Sf.,  North  Bergen,  N.  J. 


pH 


R[X  RHEOSTAT  COMPANY,  BALDWIN.  L  LN.Y. 


PROTECTED  4  UNPROTECTED 

RHEOSTATS 

WITH  LUBRICATED  CONTACTS 

ROTARY  DRIVE  RHEOSTATS 

WITHOUT  RACK  LASH 
PROTECTED  A  UNPROTECTED 

ADJUSTABLE  RESISTORS 

UP  TO  1000  WATT 
PROMPT  SHIPMENTS 


COLOR  CODE  and 
OHMS  LAW  CALCULATOR 

Burstein-Applebea  of  Kantat  City 
offers  you  this  great  convenience 
FREE.  Easy  to  work.  Solves  many 
problems  in  a  iiffy.  FREE  to  radio 
men,  electronic  engineers  and  others 
in  the  business.  Attach  coupon  to 
your  letterhead. 

MAIL  COUPON  NOW 


m 


BURSTEIN-APPLEBEE  CO. 

1012  McGEE,  KANSAS  CITY  6,  MO. 

Send  me  FREE  Color  Code  and  Ohms  Law  Cal¬ 
culator  along  with  latest  catalog. 


STATE  CONNECTION  IN  INDUSTRY 


ADDRESS. 
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therefore  entirely  unaware  of  what 
we  have  been  trying  to  do.  As  I  have 
been  careful  to  point  out  in  all  verbal 
presentations  of  Craig  television,  we 
employ  very  special  means  both  for 
exciting  and  damping  the  crystal  fil> 
ter  and  have  made  marked  progress 
thereon.  Details  thereof  will  be  pub¬ 
lished  as  soon  as  the  work  has  been 
completed  and  the  patent  applica¬ 
tions  have  cleared  the  patent  office. 
Meanwhile,  I  intend  to  take  no  fur¬ 
ther  part  in  this  discussion. 

One  simple  way  to  promulgate  the 
proposed  “Hartley  Law**  would  be  to 
state  that  it  applies  to  scanning  of 
the  transmitted  image,  wherein  the 
question  of  any  exception  does  not 
arise  .  .  . 

Palmer  H.  Craig 

Head  of  Department  of 
Electrical  Engineering 
U nicer eity  of  Florida 
Gaineeville,  Fla. 

•  •  • 

Against  Talk 

Dear  Mr.  Henney: 

After  listening  to  the  radio  for  sev¬ 
eral  hours  a  day  in  a  hospital  room, 
I  am  convinced  the  whole  world  is 
moronic  except  me  and  thee.  And  I 
think  even  thee  is  a  little  queer  be¬ 
cause  thee  has  the  courage  to  speak 
out  against  TALK,  TALK,  TALK 
If  we  must  have  TALK,  I  wish 
someone  would  start  an  “Association 
for  the  Improvement  of  the  Speech 
of  Broadcasters’*.  I  do  admire  them 
for  their  ingenious  and  unexpected 
mispronunciations  and  for  their  art¬ 
ful  way  of  chopping  up  a  sentence 
into  unrelated  fragments. 

Gentlemen,  if  you  must  TALK, 
TALK,  TALK,  please  speak  English. 
The  radio  doth  murder  speech. 

Mr.  Henney,  here  is  my  hand,  a 
little  feeble  now,  but  growing 
stronger,  in  hearty  support  of  your 
crusade  against  TALK,  TALK 
TALK 

Nicholas  B.  Cook 

Bamert  Memorial  Hoepital 
Patereon.  N.  J. 


Among  the  adaptions  of  wartime  ra¬ 
dio  and  radar  equipment  to  peacetime 
use  made  by  Hie  industry  and  the 
RFC  are  garden  umbrella  holders 
and  flagpoles  from  antenna  masts, 
treasure  Anders  from  mine  detectors, 
and  curtain  rods  from  ground  rods. 


Searchlight  Section 


EMPLOYMENT  :  ii 
lUSINESS  : 


UNDISPLAYED 


15  Cbmt*  a  Wobd.  MiNonjif  Chakoi  ll.tl. 

PoMioM  Wmm  (full  or  port  time  nUried  em- 
ployment  only).  14  the  abore  ratee  payable  tn 
adranee. 

Bom  Hmmhmrm — Cara  of  publication  Horn  York.  Cbl- 
eayo  or  San  lYandieo  offleee  count  as  !•  wordi. 

Diaommmt  of  19%  If  full  pajraeot  li  made  tn  adranee 
for  4  consecutiro  Inaortlona. 


fOlmmmitmd  AdmmrtMngl 

EE  :  EQUIPMENT 
:  (Us*d  or  Rtsaie) 

DISPLAYED 

IndimUmml  Bpmemm  with  border  mlet  for  prominent 
dtaplay  of  adrertlMmenta.  i»«ninera 


OPPORTUNITIES' 


-RATES - 


The  adrertlilng  rate  la  IT.SO  per  Inch  for  «ii 
adrertlalng  appearing  ea  other  than  a  contract 
baala.  Contreot  retee  quoted  on  requeat 


Am  aAmmrUmtmy  ktek  la  meaaured  %"  rectlcaU;  oo 
one  column.  •  eolnmna — St  indue — to  a  page. 
NEW  ADVERTISEMENTS  received  by  February  7th  will  appear  in  the  March  issue 
subject  to  limitations  of  space  available. 


POSITION  VACANT 


WANTED:  TRANSFORMER  engineer  experi¬ 
enced  in  design  and  production  of  radio  and 
electronic  transformers,  by  established  manu¬ 
facturer.  State  education,  age,  experience, 
habits,  and  salary  expected.  Robert  M.  Hadley 
Co..  707  E.  61st  St.,  Los  Angeles  1.  California. 


EMPLOYMENT  SERVICE 


SALARIED  POSITIONS  $2,500-125,000.  This 
thoroughly  organised  confidential  service  of 
36  years’  recognized  standing  and  reputation 
carries  on  preliminary  negotiations  for  super¬ 
visory,  technical  and  executive  positions  of  the 
calibre  indicated,  through  a  procedure  individ¬ 
ualised  to  each  client’s  requirements.  Retaining 
fee  protected  by  refund  provision.  Identity  cov¬ 
ered  and  present  position  protected.  Send  only 
name  and  address  for  detaila  R.  W.  Bixby, 
Inc.,  278  Dun  Bldg.,  Buffalo  2,  N.  T. 


POSITIONS  WANTED 


INDUSTRIAL  PHYSICIST,  Ph.D.,  extensive 
experience  in  development  and  production  of 
electronic  tubes,  gas  discharge  tubes,  and  other 
vacuum  devices  desires  appropriate  position. 
PW-938,  Electronics,  520  N.  Michigan  Ave., 
Chicago  11,  Ill. 

ELECTRICAL  ENGINEER.  M.  S.  and  Ph.  D, 
degrees,  desires  industrial  or  teaching  offer. 
Experience  includes  organization  and  teaching 
of  electronics  courses  st  prominent  university, 
scientific  research,  and  industrial  supervision. 
Good  experimenter,  familiar  with  vacuum 
tubea  circuits,  electrical  machinery,  test 
equipment,  cosmic  ray  measurements.  PW-999, 
Electronics,  330  W.  42nd  St.,  New  York  18, 
N.  Y. 

EXECUTIVE  AND  Research  and  Development 
Engineer.  B.S.  in  E.E.  and  M.S.  in  Engg., 
Physics.  Eighteen  years  experience  of  high 
voltage  transformers,  rectifiers,  generating,  and 
control  equipment  as  well  as  vacuum  tubes. 
Responsibility  for  research  and  design  as  well 
as  executive  control  of  manufseturing  person¬ 
nel.  For  large  manufacturers  of  electrical 
equipment.  Seeks  executive  connection  in  line 
or  staff  work.  PW-100,  Electronics,  520  N. 
Michigan  Ave.,  Chicago  11,  HI. 

NAVAL  OFFICER.  Lieut.  Comdr.,  30,  single. 

Four  years  in  radar,  ashore  and  afioat.  Liter¬ 
ary  education,  A.B.  and  M.A.  Research  and 
teaching  experience.  Contributor  to  newspapers 
and  magazines.  Desire  technical  and  literary 
editorial  work,  public  relations,  foreign  repre¬ 
sentative.  boss’  right-hand  man.  Good  navy  and 
civilian  references.  Salary  $7,500-10.000.  PW- 
101,  Electronics,  330  W.  42nd  St.,  New  York 
18.  N.  Y, 

ENGINEER:  ELECTRONIC;  mechanical,  fa¬ 
miliar  with  every  phase  of  vacuum  tube 
manufacture  desires  executive  position.  Will 
consider  only  legitimate  proposition  with  real 
executive  powers.  Full  particulars  to  right 
party.  PW-108,  Electronics,  330  W.  42nd  St., 
New  York  18.  N.  Y. 

WANTED.  PROGRESSIVE  Television.  Radar 
Co.  offering  opportunities  for  admitted  be¬ 
ginner.  start  humbly,  work  way  up.  B.  S.  in 
Physics  attending  evenings,  26.  Good  Electron¬ 
ics  foundation.  2  years  radiosonde  development. 
1  year  radar  trouble  shooter.  Want  really  per¬ 
manent  Job.  Describe  company  policy.  Siegel. 
242  Henry,  New  York  2.  N.  Y,  _ 


(Continued  on  page  S6S) 


KXECUTIVE  ENGINEER 
nsyiirt  bar  sdseatfsa,  aMlity  aad  sxtertsses  Is 
ilinstiBt  tsshsisal  psrtssnsl.  wtobst  ts  esstast 
mamalmttmnr  rstaths  ts  dwsleMisnt  sad  massfas- 
tara  of  a  lias  of  aiwthasdlss  laeb  as.  bans  radios. 
Wssliloo.  aiirlatloa  radio  and  aessssorlss  aad/or 
ahotatraaky  and  kooM  niovlat.  Psraiansat  ooaltlon 
prolarrod  with  salary  tins  profit  participatioa  as  a 
iaiis  of  osoipsniatloa. 

PW-tM,  Bleotronlcs 
IlfiNorthJdlehijjgwa^Avejj^hici^^ 


DEVELOPMENT  AND 
DESIGN  ENGINEERS 
WANTED 


OpportunitlM  for  odTOncemont  aro 
groatfir  with  o  roputabl*  company  that 
is  continually  growing  and  fiicpandinq. 

Wo  nood  onialiiiod  onginofirs  for 
pormonont  portions: 

1.  In  our  Radio  Division,  to  carry  on 
rosoorch  and  doTolopmont  of  RocoiTors, 
Tronsmittors.  Diroction  Findors,  F-M 
Equipmont  Broodcost  &  TfiloTision 
Rocoivors.  and  spocialisod  Aircraft  & 
Marino  Eqtdpmont. 

2.  To  intorprot  &  proparo  Spocifica- 
tions,  instruedon  Books.  &  Enginoerinq 
Estimatos. 

3.  In  our  Roilway  Signal  Division,  to 
devolop  and  instoU  Carrior  Currant 
Equipmont. 

Wrifo  for  applicafion  form 

and  state  condition  of  orvaiiabiiity. 

AIRPLANE  &  MARINE 
INSTRUMENTS,  INC. 
CLEARFIELD.  PA 


for  CAMERAS 
and  PROJECTORS 


Highly  rofad  firm  in  tha  East  manufac- 
faefuring  ostabiishad  lino  of  amatour 
photographic  aquipmant  it  intorastod  in 
securing  oxacutiva  anginaars  or  dasignors 
now  commanding  good  salaries  in 
Comoro  goods  or  kindrod  typo  of  work. 
Considorotion  given  to  original  lattors 
giving  complata  nacassory  details  in¬ 
cluding  home  phono  number,  names  of 
present  or  former  employer,  ate. 

P-OOS,  Electronics  ,  _ 

880  West  42nfi  Street,  New  York  18,  N.  Y 

Cart  E.  Pottea  Panoaaol  Eagiaoors 
S3  W.  Joeksea  Mvd.  Chlcogo  4 

offer  Industry  a  oonfldsntlsl  Personnel  Ssrrice, 
aelscting  and  prsssntlng  men  for  positions  open- 
on  either  a  fee  or  retainer  bests. 

Outstanding  men  in  electronic  end  allied  fields,  wi^ 
ledtmste  reasons  for  seeking  a  change,  are  Inrltea 
to  file  applications  at  NO  CHARGE,  in  oonfldenM, 
so  we  may  present  their  qualifications  to  our  clients 
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